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DEPARTMENT OF THE ARMY EM 1110-1-4006
U.S. Army Corps of Engineers
CEMP-RT Washington, D.C. 20314-1000

Manual
No. 1110-1-4006 30 September 1998

Engineering and Design
REMOVAL OF UNDERGROUND STORAGE TANKS (USTs)

1. Purpose. The primary purpose of this Engineer Manual (EM) is to provide practical guidance for
removal of underground storage tanks (USTs). The manual addresses site evaluation, monitoring, testing,
removal, and site restoration. A secondary purpose is to provide information relative to remediation of
contaminated soil and groundwater.

2. Applicability. This EM applies to all USACE commands having Civil Works and/or Military Programs
with hazardous, toxic, or radioactive waste (HTRW) project responsibilities.

3. References. References are provided in Appendix A.
4. Distribution. Approved for public release, distribution is unlimited.

5. Discussion. This manual addresses tanks subject to Resource Conservation and Recovery Act
(RCRA) Subtitle | undergroundstorage tanks requirements, and is not intended for use in the
management of tanks that have stored RCRA Subtitle C hazardous wastes. Each UST project
progresses through an orderly sequence of phases. These phases include initial data gathering, initial
field investigations, tank removal, and site remediation. This manual is intended to guide qualified
technical personnel through the activities associated with each phase and provides steps for preparing
UST removal contract documents. This EM will help the designer to incorporate the proper requirements
into the project documents.

FOR THE COMMANDER:

5 Appendices
(See Table of Contents) Major General, USA
Chief of Staff

This manual supersedes EM 1110-3-178, dated 31 August 1993.
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CHAPTER 1

GENERAL

1-1. Scope. The nmanual covers tanks subject to Resource Conservation and
Recovery Act (RCRA) Subtitle | underground storage tank requirenents and is
not intended for use in the nanagenent of renediation projects for tanks that
are believed to have been used to store RCRA Subtitle C hazardous wastes.
(Note: There is a regulatory distinction between a tank used to store
ignitable fuels and a tank used to store hazardous waste. Subtitle I, not
Subtitle C, applies to product tanks, even though hazardous wastes nay be
generated fromthe tank upon renmoval from service. Therefore, generation of
hazardous waste from a tank does not preclude the use of this EM)

Each UST project progresses through an orderly sequence of phases. These
phases include initial data gathering, initial field investigations, tank

renoval , and site renediation. This manual will describe the activities
associ ated with each phase. It is intended to guide qualified technica
personnel who prepare UST renoval contract docunents. It will discuss howto

performthe necessary activities. Corps of Engineers Cuide Specifications
(CEGS) 01351 Safety, Health, and Energency Response (HTRW UST), 01450 Chenica
Data Quality Control, 02115 Underground Storage Tank Renmoval, 02120
Transportation and Di sposal of Hazardous Materials are to be used with this
manual . Additional references are included in Appendi x A.

1-2. Quality Assurance/Quality Control. This engineering manual wll help

t he designer to incorporate the proper requirements for a quality job into the
proj ect docurments. This includes incorporating the safety and health

requi rements of EM 385-1-1 Safety and Health Requirenents Manual, ER 385-1-92
Saf ety and Occupati onal Health Document Requirements for Hazardous, Toxic and
Radi oactive Waste (HTRW and Ordnance and Expl osive Waste (OEW Activities
during renoval activities. The requirenents of ER 1110-1-263 Chenical Data
Qual ity Managerment for Hazardous, Toxic and Radi oactive Waste Renedi al
Activities, EM 200-1-3 Requirements for the Preparation of Sanpling and

Anal ysi s Plans, and EM 200-1-6 Chem cal Quality Assurance should be foll owed
to assure quality analytical data. It will also aid the USACE s resident

engi neer in assuring quality construction as required by ER 1180-1-6
Construction Quality Management through inplenmentation of the USACE s Quality
Assurance and Contractor's Quality Control systens as discussed in EP 415-1-
260 Resi dent Engi neer's Managenent CGuide and EP 415-1-261 Quality Assurance
Repr esent ati ves Gui de.
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1-3. dosure Requirements. This guidance does not suggest that all of the
activities nmust be perforned. Rather the reader nust decide what activities
are required for each tank closure. This manual addresses the mininumtank

cl osure requirenents based on applicable federal regulations and a review of
state requirenents. |In every case, the user of this manual nust check the
requi rements of the |local environmental |nplenmenting Agency (l1A) and plan for
the specific coordination of activities specified in these | A requirenents.
Questions as to the applicability of federal or state UST renoval requirenments
on active installations or Civil Wrks Facilities should be addressed to the
installation | egal office or USACE district office (Civil Wrks), or if no

| egal office exists, to the major conmmand | egal office to which the
installation or Civil Works Facility is assigned. Questions as to the
applicability of Federal or state UST renoval requirenments on fornmer
installations should be addressed to the |egal office of the USACE district
executing the work. A list of state UST contacts is provided in Appendix B to
assist in deternmining these | ocal needs. Tank closure in place nust be
approved by the appropriate command as detail ed bel ow prior to conpletion

FUDS - Division Commander (DERP/FUDS Manual )
Ar ry - Active Installation; MACOM
- Civil Wirks; District Comuander/ Operations Manager
Air Force - MAJCOM I nstallation; AFl 32-7044
O her Custoners - Specific Guidance should be requested.

Figures 1-1 and 1-2 identify the generic steps in the UST renoval process and
identify the applicable chapters in this manual for each step

1-4. Definitions and Acronyns.

ACd H - American Conference of Governnental |ndustrial Hygienists
ACO - Administrative Contracting Oficer

AFI - Air Force Instruction

API - American PetroleumlInstitute

ASTM - American Standards of Testing and Materials

AWNA - Anmerican Water Works Associ ation

B - Analyte detected in the nethod bl ank

BDL - Analyte not detected at the laboratory reporting limt
CFR - Code of Federal Regul ations

cd - Conbustible Gas |ndicator

ClH - Certified Industrial Hygienist

COLI WASA - Conposite Liquid Waste Sanpl er

COR - Contracting Oficer's Representative

1-2



EPA
FI D
FSP
FUDS

HTRW CX

A
| DLH
| RP

Certified Safety Professional

Def ense Environnental Restoration Program
Di ssol ved Oxygen

Depart ment of Transportation

El ectromagnetic

U.S. Environmental Protection Agency
Fl ame |oni zati on Detector

Field Sanpling Plan

Formerly Used Defense Sites

Gas Chr omat ogr aphy

Ground Penetrating Radar

EM 1110- 1- 4006
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Hazar dous, Toxic, and Radi oactive Waste Center of Expertise,

| ocated in the Northwest Division, Mssouri
Oraha District

| mpl ementi ng Agency

| mredi atel y Dangerous to Life and Health
Installati on Restoration Program

I nvestigation-Derived Waste

Ri ver Region,

Anal yte detected bel ow the | aboratory reporting limt,

concentration is estimted

Lower Explosive Limt - the |owest concentration of gas or
vapor in air by volume that can be ignited and cause an

expl osion or flame propagation
Material Safety Data Sheet

Not Anal yzed

National Fire Protection Association

Nati onal Institute for Cccupational Safety & Health

Nati onal Institute of Standards Technol ogy
Not Reported
Oxi dati on- Reducti on Potenti al

Qccupational Safety & Health Admi nistration

Perm ssi bl e Exposure Limt

Phot oi oni zati on Det ect or

Petroleum G ls, and Lubricants
Publicly Owed Treatnent Wrks

Qual ity Assurance

Qual ity Assurance Project Plan
Quality Control

Resource Conservation and Recovery Act
Sanpli ng and Anal ysis Pl an

St andard Operating Procedure

1-3
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Regulatory Notification

Coordination Excavation Permit —=———— Local Fire Department ———
Tank Removal Permit —=— Traffic Control
Destruction Certification
—=— Manifests
—— Site Safety & Health Plan
Documents
— Sampling and Analysis Plan
Plans & Specifications Closure Report
Active Tank In-Place
Tank Tighh?ess Closure
Testing
( s N
Data Site ) Product Tank ) Site )
Gathering Investigation Permits Removal & Removal & Overexcavanorj Restoration [~ Report
L Disposal Disposal L )
Abandoned
In-Place
Tank E—
Soil
Treatment &
Disposal
Applicable 2- Site Coordination
EM Chapters 3- Tank Tightness Testing
4 - Investigative Requirements EE—
7 - Safety & Health
8- Sampling and Analysis Plan
9 - Decontamination
10- Combustible Gas Monitoring ——
11- Organic Vapor Monitoring e
—_—

6 - Sampling During UST Removal
12 - Product Removal

13 - UST Removal
14 - Sludge Removal

15 - Contaminated Soil Removal

16- Site Restoration

FIGURE 1-1. FLOWCHART FOR CLEAN TANK CLOSURE
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Regulatory Notification

Coordination Excavation Permit ————— Local Fire Department _—

Tank Removal Permit ———— Traffic Control

Destruction Certification

Manifests
—— Site Safety & Health Plan
Documents
— Sampling and Analysis Plan
Plans & Specifications Closure Report
Active Tank ] In-Place
Tank Tightness Closure
Testing
'd ' ~\
Data Site ) Product Tank Limited ] Expanded | Site
Gathering Investigation Permits Removal & Removal & Overexca- J Site Remediation/ Report
L Disposal Disposal vation \_Investigation ) Restoration
Abandoned
In-Place
Tank S
Soil
Treatment &
Disposal

Applicable 2 - Site Coordination
EM Chapters 3 - Tank Tightness Testing

4 - Investigative Requirements ——

7 - Safety & Health

8 - Sampling and Analysis Plan

9 - Decontamination

10 - Combustible Gas Monitoring -
11 - Organic Vapor Monitoring -
6 - Sampling During UST Removal e ——

12 - Product Removal

13 - UST Removal
14 - Sludge Removal

15 - Contaminated Soil Removal
5 - Site Characterization
16 - Site Remediation
17- Site Restoration

FIGURE 1-2. FLOWCHART FOR TANK CLOSURE REQUIRING REMEDIATION/RESTORATION
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SOW
SSHO
SSHP
TCLP
TLV
TRPH
TVWA
U
UEL

USACE
UST

VOA
VOCs

- 4006

- Scope of Wbrk

- Site Safety and Health O ficer

- Site Safety and Health Pl an

- Toxicity Characteristic Leaching Procedure

- Threshold Linit Value

- Total Recoverable Petrol eum Hydrocarbons

- Time Weighted Average

- Analyte not detected at the | aboratory reporting limt

- Upper Explosive Limt - the concentration of gas in air above
which there is insufficient oxygen avail able to support
conbustion and expl osion is unlikely

- United States Arny Corps of Engineers

- Underground Storage Tank. This term describes any tank
i ncl udi ng underground piping that has at |east 10 percent of
its volume bel ow grade as defined by 40 CFR Part 280

- Volatile Oganic Analysis

- Volatile Oganic Conmpounds

1-5. Requl ations.

a.

RCRA Subtitle |I. The Hazardous and Solid Waste Amendments of 1984
ext ended and strengthened the provisions of the Solid Waste Di sposa
Act as anended by the RCRA of 1976. Subtitle | provides for the
devel opnent and inplenmentation of a conprehensive regul atory program
for USTs containing regul ated substances and rel eases of these
substances to the environment.

(1) Subtitle | defines underground storage tank as a tank system
including its piping, that has at |east 10 percent of its volune
underground. This term does not include any:

(a) Farmor residential tank of 1,100 gallons or |ess used for
storing nmotor fuel for noncommrercial purposes.

(b) Tank used for storing heating oil for consunptive use on the
prem ses where stored; however, it is Arnmy policy per AR
200-1, Chapter 4,to nmanage heating oil tanks 250 gall ons
(946 liters) or larger simlarly to Subtitle | underground
st orage tanks.

(c) Septic tank

1-6
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(d) Pipeline facility regul ated under The Natural Gas Pipeline
Safety Act of 1968 or The Hazardous Liquid Pipeline Safety
Act of 1979 or an intrastate pipeline facility regul ated
under state |laws conparable to these acts.

(e) Surface inpoundnment, pit, pond, or |agoon

(f) Stormwater or wastewater collection system

(g) Flowthrough process tank

(h) Liquid trap or associated gathering lines directly rel ated
to oil or gas production and gathering operations.

(i) Storage tank situated in an underground area (such as
basement, cellar, mneworking, drift, shaft, or tunnel) if
the storage tank is situated upon or above the surface of
the floor.

Regul at ed substances include but are not linmted to petrol eum
and petrol eum based substances conprised of a conplex bl end of
hydr ocarbons derived fromcrude oil through processes of
separati on, conversion, upgrading, and finishing such as notor
fuels, distillate fuel oils, residual fuel oils, lubricants,
petrol eum sol vents, and used oils.

The foll owing UST systens are excluded fromthe requirements of
this part:

(a) Any UST system hol di ng hazardous wastes listed or identified
under Subtitle C of the Solid Waste Di sposal Act, or a
m xture of such hazardous waste and other regul ated
subst ances.

(b) Any wastewater treatment tank systemthat is part of a
wast ewater treatnent facility regul ated under Section 402 or
307(b) of the Clean Water Act.

(c) Equiprment or machinery that contains regul ated substances
for operational purposes, e.g., hydraulic lift tanks and
el ectrical equi prment tanks.



EM 1110-1
30 SEP 98

b

- 4006

(d) Any UST system whose capacity is 110 gallons or |ess.

(e) Any UST systemthat contains a de mnims concentration of
regul at ed substances.

(f) Any energency spill or overflow containment UST system that
is expeditiously enptied after use.

RCRA Subtitle C. Subtitle C provides for the handling of hazardous
wast es as defined by RCRA. Specifically, a hazardous waste is a
waste that neets the following criteria:
(1) It exhibits any of the characteristics of hazardous waste
identified in 40 CFR Part 261 Subpart C. These characteristics
i ncl ude:
(a) lgnitability.
(b) Corrosivity.
(c) Reactivity.
(d) Toxicity.
(2) It is listed in Subpart D of 40 CFR Part 261. 40 CFR Part 261

al so details exclusions to these criteria and should be
consulted for exact definitions.

1-6. Job Qualifications and Training.

a.

Training. By the time onsite activities are initiated, all personne
entering into the exclusion area and contani nati on/reduction zone
(including the contractor) nust conplete the appropriate safety and
health training as required by 29 CFR 1926.65(e) and as outlined in
Chapter 7 of this manual. The contractor nust provide, and have
available to the onsite project manager at all tines, copies of al
certifications described above. This includes docunentation of
havi ng participated in the nost recent refresher course, if required.
The contractor must al so have avail abl e docunment ati on of
certification in the UST testing nethod to be used and in UST renoval
(if required by the state).

1-8
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Work History. The contractor must provide, and have available to the
onsite project nanager at all tinmes, work history of all personne
enpl oyed by the contractor for the specific purpose of fulfilling the
tasks dictated by the subcontract and site-specific plans and
instructions. This should be construed to nmean any personnel used
for purposes of administration or |ogistical support within the
confines of the exclusion/contam nation reduction zone as deterni ned
by the project manager.

UST Renpval Experience. |In addition, the tank renoval contractor
must have a mnimum of 2 years of tank renoval experience and, if
applicable, nust be trained and certified by the state in which the
renoval is occurring.

Unqual i fi ed Personnel. Any personnel deenmed unqualified by the
onsite project manager should be renpved fromthe site.

Corrective Action Planning. The guidance in this nanual is based on the

requi rements of federal regulations, AR 200-1 for FUDS and Installation
Restoration Program (I RP) sites, and a review of state regulations. The IA
may either be the U S. Environnmental Protection Agency (EPA) in states which
have not adopted their own UST regul ations, or a state agency where
regul ati ons have been adopted, or a |local agency. The reader is responsible
for determining the governing agency for each tank renoval. Appendix B lists
the state UST agenci es.

Rel ease Response. A release is defined as any spilling, |eaking,
em tting, discharging, escaping, |eaching, or disposing froman UST
i nto groundwat er, surface water, or subsurface soils. |If there has

been a rel ease of petrol eum hydrocarbons into the environnent, the
initial response requirements of 40 CFR 280.61 or the local IA
requi rements nust be followed. The I A nust be notified within 24
hours of discovery or within another reasonable time period
determ ned by the A Sinultaneously, Arny Regul ation 200-1 al so
requires the reporting of spills through command channels to the
maj or Arny conmand. After this, the requirenents for initia
abatement and site check (40 CFR 280.62) nust be nmet including a
report within 20 days of discovery or as required by the local |A

Abat enment activities include:

1-9
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(1) Rermoval of regul ated substances fromthe UST systemto prevent
further rel ease.

(2) Visual inspection to prevent further migration to surrounding
soil s and ground water.

(3) Mtigation of fire and safety hazards posed by vapors or free
product

(4) Reredy of hazards posed by excavated or contani nated soils
exposed as a result of release confirmation.

(5) Measure for the presence of a release where nost likely to be
present.

(6) Investigation for free product.

(7) Initiation of free product renoval as soon as practicable.

If arelease is confirmed, an Initial Site characterization report
consistent with 40 CFR 280.63 may be required. Check with the |oca

| A on the need for such a report and the deadline for submttal. You
may be required to subnmit the report within 45 days of rel ease
confirmation or another reasonable tinme period as determ ned by the
IA. The TAwll then make a determi nation of whether a Corrective
Action Plan with subsequent Renmedial Action is required. This nanual
does not address spill responses. Information regarding spil
response for Arny installations is included in AR 200-1. Civil Wrks
gui dance on spill response for Civil Wrks activities is included in
ER 200-2-3 and EP 200-2-3. Information concerning spill response
notification for Air Force facilities is included in Air Force
Instruction (AFl) 32-4002, Hazardous Material Emergency Planning and
Response Conpliance, and AFl 32-7002, Environmental I|nformation
Management System

Tank Closure. Figure 1-1 details the steps that are typically
required for a clean tank closure, and Figure 1-2 details the
procedures for a closure that requires site remediation. Both
figures depict how these steps relate to coordination activities,

proj ect docurments, and the chapters contained in this manual. Figure
1-3 provides a checklist for tank closure.
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UST CLOSURE CHECKLI ST

Dat e

Conpl et ed/
& lnitials

1. Have the mmj or decision-nmakers been identified?
Envi ronnent al Coor di nat or
USACE District Ofice Contracting Representative
I npl ementi ng Agency Cont act

2. Has the tank been identified and | ocated?

3. I's the tank history conpl ete?
As-bui |t Drawi ngs
Uility Surveys

Have the contents been identified?

Has a visual site inspection been perforned to identify potential
construction difficulties and/or signs of |eakage?

6. Have the planni ng docunents been prepared and approved?
Site Safety & Health Pl an
Sanpling and Anal ysis Pl an
Proj ect Work Pl an

Has an acceptable | aboratory been identified and approved?

Has a prelimnary site investigation been conducted to deternine
whether site remediation is required?

9. Have all permits been obtained?
Excavation
Tank Rermoval (regulatory agency pernit)

10. Have provisions been nade for product and sludge renoval ?
Recycl e of PQOLs
Mani f est for Waste Di sposal

11. Have provisions been made for disposal of contam nated water?
POTW Accept ance of Waters
Recycl e/ Separ ati on/ Tr eat ment
Mani f est Waste Di sposal

12. Have the appropriate agencies been notified of exact date of tank
renoval ?

Fi re Departnment

I npl enent i ng Agency

Envi ronnent al Coor di nat or

13. Have action levels and screeni ng nethods been determ ned for excavation
of soils?

14. Have the methods for soil treatment and/or di sposal been identified?

15. Have provisions been nade for the tank ?
Destruction certification
Recycl i ng

16. Have provi sions been nade for site restoration?

FI GURE 1-3
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1-8. Plan of Wrk. The tank renmpoval contractor shall devel op, inplenent,
mai ntai n, and supervi se a conprehensive plan for tank renoval and rel ated
operations. The work plan should be based on project specification

requi rements, work experience, the guidance provided in this manual, and the
| atest versions of the follow ng guidance references: APl Reconmended
Practice 1604, APl Publication 2015, APl Recommended Practice 2003, AP
Publication 2217, and APl Publication 2219. This work plan will provide the
USACE with the contractor's approach to performng the work. No work at the
site is permtted to cormence until the work plan is approved. At a mninmm
the work plan should include:

a. Scheduling and operational sequencing.

b. Discussion of the approach for tank renoval, tank cleaning, and tank
destruction procedures.

c. A Sanpling and Analysis Plan (SAP) that describes sanpling procedures
and |ists analysis paraneters, nethods, and | aboratory or
| aboratories (as detailed in Chapter 8 of this nmanual). The SAP
shoul d i nclude data quality objectives.

d. Soil sanmpling locations and rationale for |ocations.

e. Explanation of how the analytical results will be used.

f. Identification of applicable regulatory requirenents and permts
i ncludi ng nethods to be used to control volatile organic conpound
(VOC) emi ssions from decontam nation fluids constituting RCRA
regul at ed hazardous waste.

g. Methods to be enployed for residue, vapor, liquid, and contani nated
wat er renoval ; purging; and storage and net hods proposed for control

of surface water.

h. ldentification of waste, tank, and contam nated-soil transporters and
means of transportation.

i. Disposal facilities, alternate disposal facilities, and means of
di sposal or remnediation.

j. Borrow source
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k. Spill prevention plan.

. Spill contingency plan.

m Decont am nati on procedures.

n. A statenent that the contractor neets the qualification requirenents.

1-9. Report Requirenents. Typically a report is required by the A for
docunent ati on of tank renmoval. For each UST site, a Tank Cl osure Report
(Report) must be prepared and submitted. The Report nust be prepared by the
tank removal contractor and should be submitted within 14 days of site work
conpletion to the CORwith copies to the Installation Environmental

Coordi nator or Civil Wrks Environmental Conpliance Coordinator. Nunber of
copies required (for regul atory agency submittal) nust be coordinated with the
Envi ronnment al Coordi nator or Civil Wrks Environmental Conpliance Coordinator
and included in the project specifications. The Report nust be reviewed by

t he designers with incorporation of conments by the contractor before the
Report is approved as final by the COR  Tank Closure Reports must include the
following information as a m ni mum

a. A cover letter signed by a Certified Tank Renover certifying that al
services involved have been performed in accordance with the
requi rements outlined in the specifications. The report shal
contain the name, address, and phone nunber of the primary contractor
and all subcontractors.

b. A narrative report describing what was encountered at each site,
i ncl udi ng:

(1) Condition of the UST.
(2) Any visible evidence of |eaks or stained soils.
(3) Results of vapor nonitoring readings.

(4) Actions taken including quantities of materials treated or
removed

(5) Reasons for selecting sanple |ocations.

(6) Sanple locations.



EM 1110- 1- 4006
30 SEP 98

(7) Collection data such as tine of collection and nethod of
preservation.

(8) Procedures for backfilling site.

(9) \Whether or not groundwater was encountered.
(10) Date of renoval or closure.

(11) Capacity and construction of tanks.

c. Notarized statement fromthe tank cleaning service, certifying the
tank is clean.

d. Copies of tank destruction certification, verifying that the tank has
been rendered usel ess.

e. Copies of all analyses perfornmed for disposal
f. Copies of all waste anal yses or waste profile sheets.

g. Copies of all certifications of final waste disposal signed by the
responsi bl e disposal facility official. The original of al
mani fests nust be returned to the generator

h. Informati on on who sanpl ed, anal yzed, transported, and accepted al
wast es encountered and copies of manifests.

i. Copies of all analyses performed for verification that underlying
soil is not contanminated, with copies of the custody formfor each
sample. All analyses nust give the identification nunber of the
sampl e used. Sanple identification nunbers nmust correspond to those
provi ded on the one-line draw ngs.

j. Conversation records/correspondence between contractors,
subcontractors, and facility personnel or regul ators.

k. Scal ed one-line draw ngs referenced to a bench mark or ot her
per manent poi nt showi ng tank | ocations, linits of excavation, linmits
of contami nation, underground utilities within 50 feet, sanple
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| ocations, sanple identification nunbers, |ocations of stockpiled
soils, and sanple locations wth depths.

Progress Photographs. The contractor should provide color

phot ographs of four or nore different views of the site show ng such
things as the location of each tank, entrance/exit road, and any
other notable site conditions before work begins. After work has
been started at the site, the contractor should photographically
record activities at each work location daily. Photographs should be
3 by 5 inches and may incl ude:

(1) Soil rermoval, handling, and sanpling.

(2) Unanticipated events such as discovery of additiona
cont ani nated areas.

(3) Soil stockpile area.
(4) Tank.

(5) Site- or task-specific enployee respiratory and persona
protection.

(6) Fill placement and grading.

Post - construction Col or Photographs. After conpletion of work at
each site, the contractor shoul d photograph a m ni mum of four
different views of the site. Color prints should illustrate the
condition and |l ocation of work and the state of progress. The

phot ographs shoul d be nmounted and encl osed back-to-back in a double-
face plastic sleeve punched to fit a standard three-ring binder

Each col or print should have a corresponding i nformati on box, 1-1/2
by 3-1/2 inches. The box should be typewitten and arranged as
fol | ows:

Proj ect No. Contract No.
Locati on

Cont r act or/ Phot ogr apher

Phot ogr aph No. Dat e/ Ti me:
Descri ption

Direction of View
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CHAPTER 2
S| TE COORDI NATI ON

2-1. Ceneral. The purpose of this chapter is to outline the site
coordi nation that must be performed prior to tank renmoval. The list should be
nodi fied to satisfy the needs of each site.
2-2. Environnmental Coordinator. The environmental coordinator, or on Civi
Works facilities the facility manager, nust be identified for each site where
a UST is to be renoved. The coordinator will be the interface between the
regul atory agencies and the site. All inpending work nmust be approved by the

envi ronnent al coor di nat or

2-3. Site Representative. The site representative nust be contacted to
determine if as-built drawi ngs are available for the tanks, utilities, and
facilities in the imredi ate area of the UST. Oher aspects of the UST history
shoul d be investigated with the site representative, or on Cvil Wrks
facilities the facility manager.

2-4. Uilities. Prior to excavation, all necessary excavation permts nust
be conpleted. The utilities that nust be located include but are not limted
to water, gas, electricity, conmunications, sewer, and fuel lines. Excavation
must not proceed until all utilities have been notified.

2-5. Transportation Routes and Traffic. Site representatives nust be
contacted to determ ne approved transportation routes for contaminated soil,
excavated tanks, and backfill. |If possible, the route should be one that is
not subject to heavy traffic. Traffic control requirenments (pedestrian and
vehi cul ar) around the excavation site and the transportati on route nust be
establ i shed prior to excavation.

2-6. Fire Departnment Notification. The local fire departnent nust be given
sufficient notice to allow themto be present during tank excavation. The
local fire chief must be contacted to determ ne whether any | ocal ordi nances
apply during excavati on.

2-7. Requlatory Agency. The governing regulatory authority requires
notification upon discovery of a |leak and prior to UST renoval. The
notification and permitting requirements nust be conpleted for every tank
renoval . Appendix B lists state offices to expedite this process.
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2-8. Excavations. Each site should be evaluated to determne the
appropriateness of |eaving the excavation site open pendi ng anal ytica

results. The environnental coordinator or facility nanager should indicate
which sites may be left open. Barricades, safety fencing, or other precautions
are required adjacent to the excavation in accordance with EM 385-1-1

2-9. Cultural Resources. The facility coordinator responsible for oversite
of archeol ogical or cultural resources should be contacted prior to excavation
to insure that the potential UST site is not located in a sensitive area. In
the event that human remmins or other cultural artifacts are accidentally

di scovered, discontinue excavation activities and contact the facility

coordi nator for cultural resources to initiate proper artifact renoval.

2-2
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CHAPTER 3
TANK TI GHTNESS TESTI NG PROCEDURES

3-1. Ceneral. The purpose of underground storage tank (UST) integrity
tightness or tank tightness testing procedures is to determ ne the physica
integrity of UST. The EPA, under 40 CFR 280 Subpart D, has established

rel ease detection requirements for all USTs. Tank tightness testing is used
to indicate whether an UST neets the applicable rel ease standards. Tank
tightness testing should only be performed on tanks that are to be abandoned
in place or tanks that are to remain active. You should choose a tank
tightness test carefully to ensure that the test does not pronote additiona
contam nati on of the surrounding environment. Both volunetric and

nonvol unetri c methods of tank tightness testing are described in this chapter
Sone of these nmethods may be used for pipe integrity testing; however, pipe
integrity testing is not the focus of this chapter.

3-2. Methods. Tank tightness testing can be performed in a variety of ways.
A tank tightness test is a precision test that can be volunetric or

nonvol unetric. A volunetric test neasures vol une changes quantitatively,
whil e a nonvolunetric test neasures changes qualitatively. Some methods
require filling tanks to capacity, known as overfilling, where the fluid | eve
reaches the fill tube. 1In these tests, the integrity of the entire tank and
associ ated pi ping can be assessed. Oher nethods enploy partially filled
tanks, where only the integrity of the filled portion of the tank can be
assessed. Tests can al so be divided between constant-|evel and variable-I|eve
tests. In constant-level tests, product is added or renmoved to maintain a
constant fluid level. Both overfilled and partially filled tanks can be used
in constant-level tests. Variable-level tests allow the fluid level to
fluctuate and are typically conducted on overfilled tanks. Tables 3-1 and
3-2 contain a summary of the various methods.

a. Volunetric. Most tank tightness test nethods account for vol unme
changes as a function of product-level changes. A constant-I|eve
volunetric test directly measures the vol ume added or subtracted from
a tank in order to maintain a constant level. A variable-level test
nmeasures changes in the |evel of the product and converts these |eve
changes to vol une changes using a hei ght-to-vol une conversion factor
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TABLE 3-1
VOLUMETRIC LEAK TESTING METHODS
. . Relgui res Empty|
o Claimed Tota Downtime for or Full Tank for
Method Principle Accuracy, ga/h Testing Test
inlay Tank Integrity Pressure measurement by a coil-type manometer to determine product-level changein a 0.02 10-12 h (filled a night Full
Testing propane bubbling system. before 1.5-h testing)
RCO HTC Underground Level change measurement by float and light-sensing system. 0.05 4-6h No
Tank Detector
Certi-Tec Testing Monitoring of pressure changes resulting from product-level changes. 0.05 4-6h Full
"Ethyl" Tank Sentry Level change magnification by a J tube manometer. Sensitive to 0.02- Typicaly 10 h No
inlevel change
EZY-CHEK Leak Detector | Pressure measurement to determine product-level changein an air bubbling system. Lessthan 0.01 4-6 ? I(]2 h Vilalh titn )after Full
illup, 1-
Fluid-static (standpipe) Pressurizing of system by a standpipe; keeping the level constant by product addition or Gross Several days Full
Testing removal ; measuring rate of volume change.
Heath Petro Tite Tank and Pressurizing of system by a standpipe; keeping the level constant by product addition or Lessthan 0.05 6-8h Full
Line Testing (Kent-Moore) removal ; measuring rate’of volume change; product circulation by pump.
. . . Leak detection by differential pressure change in an empty tank; leak rate estimation by Lessthan 0.05 Minimum 48 h Empty
Helium Differential Bernoulli's equation.
Pressure Testing
Mooney Tank Test Measuring level change with adip stick. 0.02 14-16 h* (12to 14 h Full
or waiting after fillup)
PACE Tank Tester Magnification of pressure changein a sealed tank by using a tube (based Lessthan 0.05 14h Full
on manometer principle).
PALD-2 Lesk Detector Pressurizing system with nitrogen at three different pressures; level measurement by an Lessthan 0.05 14 h (preferably 1 day Full
electrooptical device; estimate of leak rate based on the size of leak and pressure difference before, 1-h fill testing,
across the leak. includes sealing timé)
Pneumatic Testing Pressurizing system with air or other gas; leak rate measurement by change in pressure. Gross Several hours No
Tank Auditor Principle of buoyancy. 0.00001 in the 15-3h Typicaly full
fill pipe; 0.03 at
the center of a
10.5-ft-diameter
tank
Two-tube Laser Measuring level change by laser beam and its reflection. Lessthan 0.05 4-5h?

I nterferometer System

1 Including thetime for tank end stabilization when testing with standpipe.
2 Including 1 to 2 h for reference tube temperature equilibrium.

Source: PA 1986.

Under ground Storage Tank Leak Detection Methods:

A State of the Art

Revi ew.

No (at existiny
(Ievel) 9

EPA/ 600/ 2- 86/ 001.

86 d3IS 0¢€
9007 -T-0TTT W3
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TABLE 3-2

NONVOLUMETRIC LEAK TESTING METHODS

Total Downtime

Requires Empty
or Full Tank for

Method Principle Claimed Accuracy, gal/h for Testing Test
Acoustical Monitoring Sound detection of vibration and elastic waves generated by a leak in a Does not provide leak rate; 1-2h No
System (AMS) nitrogen-pressurized system; triangulation techniques to detect leak location. |detects leaks as low as 0.01

gal/h.
Leybold-Heraeus Helium Rapid diffusivity of helium; mixing of a tracer gas with products at the Does not provide leak rate; None No
Detector, Ultratest M2 bottom of the tank; helium detected by a sniffer mass spectrometer. helium could leak through 0.005-

in leak size.
Smith & Denison Helium Rapid diffusivity of helium; differential pressure measurement; helium Provides the maximum possible Few-24 h Empty
Test detection outside a tank. leak detection based on the size | (excludes sealing

of the leak (does not provide leak time)

rates); helium could leak through

0.05-in leak size.
TRC Rapid Leak Detector |Rapid diffusion of tracer gas; mixing of a tracer gas with product; tracer gas |Does not provide leak rate; None No
for Underground Tanks and |detected by a sniffer mass spectrometer with a vacuum pump. tracer gas could leak through
Pipes 0.005-in leak size.
Ultrasonic Leak Detector Vacuuming the system (5 Ib/in?); scanning entire tank wall by ultrasound Does not provide leak rate; a Few hours Empty
(Ultrasound) device; noting the sound of the leak by headphones and registering it on a leak as small as 0.001 gal/h of (includes tank

meter. air could be detected; a leak preparation and

through 0.005-in could be 20-min test)

detected.
VacuTect (Tanknology) Applying vacuum at higher than product static head; detecting bubbling noise |Provides approximate leak rate. 1lh No

by hydrophone; estimating approximate leak rate by experience.
Varian Leak Detector Similar to Smith & Denison. Similar to Smith & Denison. Few-24 h Empty
(SPY2000 or 938-41) (excludes sealing
time)

Source: EPA/600/2-86/001, “Underground Storage Tank Leak Detection Methods: A State of the Art Review.”

900¥ -T-0TTT N3

86 d3S 0¢€
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Nonvol unetri c.

(1) Nonvolurnetric tests can be divided into vacuumtests, probe
tests, and tracer tests. The vacuumtest subjects the tank to a
slight vacuum enough to counteract the fluid head within the
tank. When a leak is encountered, bubbles format the |eak,
separate at the tank, and undergo a vol une pul sati on of constant
frequency that can be used to deternine |eak size.

(2) The methods currently available for nonvolunetric tank testing
use either a type of vapor nonitoring or conduct the test under
a vacuum Neither method will provide an exact |leak rate.
However, each method will provide an analysis of the systemin
relation to the 0.1 gallons per minute (gpn) leak rate at a
probability of detection of 0.95 and a probability of false
alarm of 0.05. When selecting a nonvolunetric test method, make
sure the nethod is approved for the entire volume of the tank
and not just for the volune containing liquid on the day the
tank is tested.

Performance. The performance of a | eak-detection test nmethod is
nmeasured by the accuracy and reliability of that test method in

det erm ni ng whether or not a tank is |eaking. The best performance
test nmethods are able to discrininate between the vol unme changes
produced by a leak (signal) and other volume changes that normally
occur in both nonleaking and | eaking tanks (noise). This noise can
often be confused with the | eak by masking or m m cking the signal of
the | eak.

Results. A |leak-detection test has five possible outcones:

(1) Correctly identified | eak: an accurate test result where the
measured condition reflects actual conditions.

(2) Correctly identified tight tank: an accurate test result where
the integrity of a nonleaking tank is confirnmed.

(3) A false alarm an erroneous test result where the test
m stakenly indicates a | eak.

(4) A missed detection: an erroneous test result where the test
m stakenly indicates that the tank is tight when it is |eaking.
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(5) An inconclusive test that does not provide either positive or
negative evidence of a |leak. Also, a positive result may or may
not indicate whether the leak is in the tank or the associated

pi pi ng.

3-3. Requlations. 40 CFR 280 Subpart D specifies the follow ng genera
rel ease detection requirements for all UST systens in § 280. 40:

a. Rel ease Detection. "Owers and operators of new and existing UST
systens must provide a nmethod, or conbination of methods, of rel ease
detection that:

(1) Can detect a release fromany portion of the tank and the
connect ed underground piping that routinely contains product;

(2) Is installed, calibrated, operated, and maintained in accordance
with the manufacturer's instructions, including routine
mai nt enance and service checks for operability or running
condi tion; and

(3) Meets the performance requirenments in 8§ 280.43 or 280.44, with
any performance clains and their nmanner of determ nation
described in witing by the equi pnent nmanufacturer or installer
In addition, nethods used after December 22, 1990, except for
nmet hods permanently installed prior to that date, nust be
capabl e of detecting the leak rate or quantity specified for
that method in § 280.43 (b), (c), and (d) or 280.44 (a) and (b)
with a probability of detection of 0.95 and a probability of
fal se alarm of 0.05."

b. Tank Ti ght ness Testi ng. Section 280.43(c) specifies the foll ow ng
tank tightness testing performance requirenments: "Tank tightness
testing (or another test of equival ent performance) nust be capable
of detecting a 0.1 gallon-per-hour |leak rate fromany portion of the
tank that routinely contains product while accounting for the effects
of thermal expansion or contraction of the product, vapor pockets,
tank deformation, evaporation or condensation, and the |ocation of
the water table."

3-4. Test Procedures. A sunmary of attributes of reliable integrity
tightness testing nmethods has been devel oped by the EPA based upon research
performed on over 25 commrercially available nethods. The testing nmethods are
summari zed in the follow ng docunents:

- Standard Test Procedures for Evaluating Leak Detection Methods:
Vol unmetri ¢ Tank Ti ghtness Testing Methods, EPA/ 530/ UST-90/004, March 1990.
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- Standard Test Procedures for Evaluating Leak Detection Methods:

Nonvol une

tric Tank Ti ghtness Testing Methods, EPA/530/UST-90/005, March 1990.

- Standard Test Procedures for Evaluating Leak Detection Methods:

Pi pel i ne
- List
Syst ens,
a.
b

Leak Detection Systens, EPA/530/UST-90/101, Septenber 1990.

of Leak Detection Evaluations for Underground Storage Tank (UST)
EPA/ 510/ B- 97/ 004.

Docurmentation. Either the manufacturer or an independent third party
can performthe denonstration tests. However, sonme states do not
recogni ze results fromdenonstration tests performed by the equi pnent
manuf acturer. \Wen purchasing rel ease detecti on equi pment or having
a tank systemtested, the organi zation providing the service or

equi prent nust provide the owner/operator of the systemwi th the
manuf acturer's docunmentation of equi pment conpliance with performance
standards outlined in 40 CFR 280.40(a). This documentation nmust be
retained at the facility to neet the record keeping requirenents
outlined in 40 CFR 280. 34.

Sel ection. Before selecting a tank tightness test nethod, check wth
state and | ocal agencies to make sure the proposed nethod was
adequately eval uated and denonstrated in the perfornmance test report.
Sone states have additional evaluation methods and standards. They
may require third-party testing or limt the rel ease detection nethod
to certain size (capacity) tanks. The standards used to eval uate the
rel ease detection nethod will be in the performance test report.
These reports will provide the follow ng i nformati on about the test
equi prent: nethod description, test results, the product used for
testing, techniques used for measuring tenmperature and |evel, how
data are acquired and recorded, linmtation of the test nmethod, and
certification of results. Fromthis, a determi nation can be made
about the follow ng:

3-6
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TABLE 3-3
MAJOR VARIABLES AFFECTING LEAK DETECTION

Variable

Impact

Temperature Change

Expansion or contraction of a tank and its contents can mask leak and/or leak rate.

Water Table

Hydrostatic head and surface tension forces caused by groundwater may mask tank leaks partially or completely.

Tank Deformation

Changes or distortions of the tank due to changes in pressure or temperature can cause an apparent volume change when none exists.

Vapor Pockets

Vapor pockets formed when the tank must be overfilled for testing can be released during a test or expand or contract from temperature and pressure
changes and cause an apparent change in volume.

Product Evaporation

Product evaporation can cause a decrease in volume that must be accounted for during a test.

Piping Leaks

Leaks in piping can cause misleading results during a tank test because many test methods cannot differentiate between piping leaks and tank leaks.

Tank Geometry

Differences between the actual tank specifications and nominal manufacturer's specifications can affect the accuracy of change in liquid volume
calculations.

Wind When fill pipes or vents are left open, wind can cause an irregular fluctuation of pressure on the surface of the liquid and/or a wave on the liquid-free
surface that may affect test results.

Vibration Vibration can cause waves on the free surface of the liquid that can cause inaccurate test results.

Noise Some nonvolumetric test methods are sound-sensitive and sound vibrations can cause waves to affect volumetric test results.

Equipment Accuracy

Equipment accuracy can change with the environment (e.g., temperature and pressure).

Operator Error

The more complicated a test method, the greater the chance for operator error, such as not adequately sealing the tanks.

Type of Liquid Stored

The physical properties of the liquid (including effects of possible contaminants) can affect the applicability or repeatability of a detection method
(e.g., viscosity can affect the sound characteristics of leaks in acoustical leak-detection methods).

Power Vibration

Power vibration can affect instrument readings.

Instrumentation
Limitation

Instruments must be operated within their design range or accuracy will decrease.

Atmospheric Pressure

A change in this parameter has the greatest effect when vapor pockets are in the tank, particularly for leak-rate determination.

Tank Inclination

The volume change per unit of level change is different in an inclined tank than in a level one.

Source: USEPA 1986. Underground Storage Tank Leak Detection Methods: A State of the Art Review. EPA/600/2-86/001.
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(1) The anpunt of tine required for the tank's contents to stabilize
after a delivery of product.

(2) The required test duration for collecting data to accurately
deternine the condition of the tank.

(3) Limtations of the test method (such as tank capacity).

(4) The actual minimumleak rate the test method can detect to a
probability of detection of 0.95 and a probability of false
al arm of 0. 05.

(5) Whether a third party or the equi pnent nmanufacturer conducted
t he performance test.

c. Performance. The performance clains for |eak-detection devices
produced by commercial manufacturers will not be discussed in this
docunent. Refer to EPA/ 625/9-89/009 Volunetric Tank Testing: An
Overvi ew and EPA/ 510/ B-97/004 List of Leak Detection Evaluations for
Under ground Storage Tank (UST) Systens and literature fromindividua
manuf acturers for additional information on the performance of
specific comercially avail abl e devi ces.

3-5. Precautions. Table 3-3 summari zes the vari ables that can affect |eak
detection. Three of the nmajor variables are discussed bel ow

a. Noise. A tank tightness or volunetric test measures the change in
the volume of fluid in a tank, accounts for other sources of noise
(normal ly occurring volume changes), and attributes the adjusted
vol une change (if it is above the threshold level) to a | eak
Therefore, it is essential that a test method differentiate between
and conpensate for nonl eak-rel ated vol ume changes (noi se) versus
actual |eaks. There are five comopn nonl eak-rel ated product-vol une
(or product-level) changes that are sources of anbient noise, sone
potentially producing larger errors than others. Precautions are
i ncorporated in nost reliable test methods to conpensate for those
phenonena and to mininize the probability of false al arns.

(1) Thermal expansion or contraction of the product resulting from
product addition or renoval during volunetric testing can be a
maj or source of noise and, thus, error in tank tightness
testing. Volune changes due to expansion and contraction of the
product in a filled tank may be as large as 3.8 L (1 gallon) per
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hour. Reliable test nethods conpensate for this phenomenon by
requiring a waiting period follow ng any tank additions prior to
measur ement col | ecti on.

Vapor pockets conmmonly occur in tanks and the associated piping
that have been filled to capacity. Tenperature fluctuations and
pressure changes in the tank contents cause the expansion or
contraction of vapor pockets. Volume changes of trapped vapors
produce product-I|evel changes that may be nmisinterpreted as

| eaks. Vapor pockets as snmall as 38 liters (10 gallons) in a
38,000 liter (10,000-gallon) tank can influence test results.

In preparation for tightness testing, if vapor pockets of 40 to
80 liters (10 to 20 gallons) or nore are suspected, the tank and
I ines should be bled as a precaution

In addition to level, tenperature, and pressure changes
associated with a product, the tank itself will exhibit
expansi on and contraction, or structural deformation. This
deformation, in turn, causes the product |evel to change, which
could be nistaken as a | eak. Both instantaneous defornati on and
ti me-dependent relaxation of a tank occur. Reliable tank
testing procedures introduce a waiting period between product
addi ti on and measurenent collection as a precaution to allow the
tank deformation effects to subside.

M nor volune fluctuations nmay result fromthe evaporation of
product fromthe fluid surface or condensation of product on
tank walls. This phenonmenon is nore likely to occur in tanks
that are not conpletely filled and contain air or vapor pockets.

Conpletely filling and bl eeding tanks and lines prior to test
initiation are precautions that will mnimze this type of
“noi se.”

Surface or internal waves may be caused by nechani cal vibrations
or tenperature boundary layers within a tank. These waves can
produce apparent |evel changes that could be m staken for vol une
changes or leaks. |Infrequent sanpling that does not detect this
wave phenomenon, known as biasing, can indicate a false result.
To prevent this, use reliable test nethods such as frequent

sampl ing and averaging of data during the test. Performtests
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during hours when local traffic, especially trucks, would be
| ess prevalent so the inpact on test results would be mnimzed.

b. Groundwater. The location of the groundwater table at the tinme of
testing is another factor that can interfere with accurate tank
tightness testing. Unlike the five factors nmentioned previously, the
groundwat er | evel does not minmc a |leak; however, it may have a
direct effect on the apparent size of the leak. Existing site
i nformati on (boring | ogs) should be used to estimate the depth to
groundwat er rather than nobilizing a rig and crew to determine the
depth to groundwater. When the groundwater |evel is above the |eak
it can restrict or prevent the flow of product out of a tank, and a
| eak can go undetected. As a precaution, it is inportant to nonitor
the groundwater |level with respect to the bottomof the tank each
time a tank tightness test is conducted. Best results are obtained
when the water table is below the tank. |If the tank normally is
above the water table and recent precipitation has altered that
situation, consider delaying the test until the water table has
dropped and this potential interference is renoved. |If at al
possi bl e, a test should not be conducted while the water table is
fluctuating. |If this situation cannot be avoided, such as in a tida
area, it should be understood that the test results will be |ess
accurate and reliable.

c. Volunetric Methods. Tank tightness testing using volumetric nethods
shoul d not be conducted through the fill pipe. Volunetric test
nmet hods record tenperature at various points along the diameter of
the tank and require precise nmeasurements for the test to be valid.
The fill pipe would mask the true tenperatures of these various
poi nts along the tank dianeter.

3-6. Equipnment. Each conmmercially available | eak detection nethod has two
conponents: equi prent and procedures. Both the equi pnent (physical devices,
conput er hardware, and instrunmentation) and procedures (operator
responsibilities, conmputer software, theoretical and anal ytical approaches)
can vary fromone nmethod to another. This can result in variances in nethod
performance for different |eak rates and threshol d val ues.

a. Temperature/Volume. The mpjority of tank tightness test requirenents

i ncl ude equi pnent that neasure the tenperature and vol une of the
product in a tank, such as therm stors and hei ght or vol une sensors.
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Sone met hods include arrays with nultiple sensors that better
represent actual conditions vertically within the tank.

b. Data Measurenent. The nore sophisticated nmeasurenent and data
anal ysis equi pment is often used to take frequent neasurenments that
can be statistically anal yzed and provide a good representation of
actual conditions within the tank. This frequent nmeasurenent rate
and the resulting statistical analyses are typically facilitated by
conput er equi prent .

c. Additional Information. The reader is directed to manufacturers
literature for details about specific test nmethods. EPA/625/9-
89/ 009, Volunetric Tank Testing: An Overview, is also recomended as
a source of information about a nunber of different nmethods that were
eval uated by the EPA.

3-7. Mterials. Once a tank tightness test method has been sel ected, the
operator will provide the necessary equi pnent, handling/transferring
procedures, and training on material safety data sheets (MSDS) for the |iquids
to be used. The only material that is typically necessary is additiona
product to fill the tank.

To ensure an accurate test, use product identical in fornulation to that which
is already in the tank. The added product should al so be approximately the
same tenperature as the product already in the tank to mnimze vol une
expansi on or contraction due to tenperature variations. |If tenperatures are
not identical, the required settling tine prior to testing should be
sufficient to allow the tenperatures to equalize.

It should be noted that topping off tanks with product may be difficult. The
Def ense Fuel Supply Center that contracts for nost of the Arny's fuel has
stated they will not contract to have the tanks topped off. Individuals
responsi ble for performing the integrity testing will provide added fuel to
top off the tanks to be tested.

3-8. perations, Procedures, and Instructions. There are three steps
involved in all tank tightness testing: preparation, testing, and analysis.
Al t hough operations, procedures, and instructions will vary for each
comerci al test method selected, the conmon el enents of the methods are
descri bed. The procedures for a particular test nust be strictly followed to
assure the perfornmance cited.
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a. Preparation.

(1) The tank is first filled to the level required for testing with
t he sane product at the same tenperature as the tank contents.
A waiting period follows to allow tenperature variations, wave
actions, and structural deformations to subside. |f necessary,
the tank is bled to reduce vapor pockets.

(2) The sensor instrumentation is inserted into the tank. 1In the
case of overfilled tests, the tank is topped off by adding or
renovi ng small amounts of product to bring the product to the
test level. A second waiting period is observed.

(3) Values are taken to determine the coefficient of thermal
expansi on and/or the height-to-volune conversion. The water-
table level is also nmeasured if it is in the vicinity of the
tank and if there is a nmonitoring well

b. Testing. The sensors inserted into the tank nmeasure the tenperature
and the level (or volune) of the product in the tank over tinme.
Oten these two nmeasurenents are collected at the same rate. The
i nstrument readings are recorded either electronically or manually.
The test ends based on the data results. Oten this is a function of
time, but sometimes the decision to end the test is controlled by
ot her measurenents.

c. Anal ysis.
(1) Convert the level data to volunme data and conpensate for
t emper ature changes using procedures defined by the
manuf acturer. Use these data to calculate a volunetric fl ow

rate of | eakage fromthe tank.

(2) Conpare this calculated volunmetric flowrate to the

predeternm ned detection criterion for the test. |If the
cal cul ated volunetric flow rate exceeds the detection criterion
a leak is suspected. |If not, it is assumed that no leak is
present.
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3-9. Wiste Disposal. Typically, no wastes are generated during integrity
tightness testing. |If any product is spilled as a result of the testing, it

shoul d be handl ed consistently with procedures outlined in Chapter 6.

3-10. Reporting and Docunent ati on.

a. Reporting. Owmners and operators of UST systems nust report suspected
rel eases based upon tank tightness test results to the inplenenting
agency within 24 hours, or another reasonable tinme period specified
by the inplementing agency. This requirenent is mandatory unless the
noni toring device is found to be defective and is i mediately
repaired, recalibrated, or replaced, and subsequent nonitoring does
not confirmthe initial result.

b. Docunent ati on.

(1) Al UST system owners and operators must maintain records
denonstrating conpliance with applicable regulations.

(2) The records must include the foll ow ng:

(a) Al witten performance clains pertaining to any rel ease
detection system used, including the manner in which these
clains have been justified or tested by the equi pnent
manuf acturer or installer. C ains nust be maintained for 5
years, or for another reasonable period of tine detern ned
by the inplementing agency, fromthe date of installation

(b) The results of any sanpling, testing, or nonitoring nmust be
mai ntai ned for at least 1 year, or for another reasonable
period of time determ ned by the inplenmenting agency. The
results of tank tightness testing nust be retained until the
next test is conducted.

(c) Witten docunmentation of all calibration, maintenance, and
repair of release detection equiprment permanently | ocated
onsite nust be mmintained for at |east 1 year after the
servicing work is conpleted, or for another reasonable tine
peri od determ ned by the inplenmenting agency. Retain
schedul es of required calibration and mai ntenance provi ded
by the rel ease detection equi prent manufacturer for 5 years
fromthe date of installation
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CHAPTER 4
UNDERGROUND STORAGE TANK (UST)
I NVESTI GATI VE REQUI REMENTS
4-1. Ceneral. This chapter discusses data gathering and investigative

techniques to determ ne where the tank is |located and what has been in the
t ank.

4-2. Tank History/Information. Prior to a UST renoval, a history of the tank
characteristics should be assenbled by the designer. It should be as detail ed
as possible fromreadily avail able sources such as records, reports, and
interviews. Data gathering is inmportant because the nore information a

desi gner has prior to construction, the less surprises will be encountered
during removal . Itens of specific interest and associated tasks include:

a. Existing Drawi ngs. Review engineering draw ngs, preferably as-
builts, and interview the site personnel. Determine, if possible,
the tank and associated piping |location, the dimensions and capacity
of the tank, material of construction, depth, corrosion protection
systens, presence or absence of ballast pads and tie downs, age, and
date tank was |ast used. |In some instances, this information may be
on an installation's utility maps. |f existing drawi ngs cannot be
obtained, refer to later parts of this chapter for investigative
procedures to obtain tank information.

b. Inventory Control Records. Review inventory control records as a
source of information to deternmine the types of liquids stored in the
tank and whether the tank system has | eaked.

c. Interviews. Deternmine fromsite personnel the |ocation, magnitude,
and duration of any environnental releases associated with the UST.
Determ ne how the |iquids were placed into and renoved fromthe tank,
noni tori ng procedures followed, and the types of liquids stored in
the tank. Deternine if abandoned tanks were filled with sand, water
or concrete at the time of abandonment. A list of previous enpl oyees
who may have worked in the area should be obtained fromthe
installation to facilitate this process.

d. Uilities. Locate all underground utilities including, but not
l[imted to, sanitary sewers, stormsewers, water |ines, gas |ines,

power |ines, telephone |ines, and all associated piping and
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appurtenances associated with the area i mediately surrounding the
t ank.

e. Site Characteristics. Determ ne depth, rate, and direction of
groundwat er and soil characteristics fromrecord searches if
possible. This information is not required for all renmovals, but it
is hel pful information for the designer. |If data is not available
and it is deternmined to be necessary for tank renmoval, refer to
Chapter 5 for investigative procedures.

4-3. Regulatory Issues. Federal, state, and |ocal agencies will need to be
contacted well in advance of tank renoval (a mninumof 30 days). Preferably,
t he Environnental Coordi nator should contact the applicable agencies. In nmany
cases the regul atory agency may want to have an individual onsite to observe
tank removal . Appendix B lists state agencies in charge of UST managenent.

In addition, state regulatory agencies can supply lists of licensed tank
renoval / di sposal firms and provide gui dance for waste disposal and ot her

useful information. Tanks storing hazardous waste are regul ated under 40 CFR
264/ 265 and are outside the scope of this docunent.

4-4. Tank lLocations.

a. As-Built Drawi ngs. One source of information for locating USTs is
the construction drawings used to install the tank. In sone
i nstances, this information may be on an installation's utility maps.
Once the drawi ngs have been obtained, they should be field-verified
by the designer, if possible, to determ ne whether the tank is in the
| ocation specified. You should recognize it may be difficult to
verify as-built draw ngs.

b. Visual Inspection. You may be able to | ocate tanks by visually
| ocating manhol es, variations in concrete or asphalt, vent pipes,
fill pipes, and ground depression or elevation. |n sonme instances
visual inspection by itself is not reliable. Insert a steel probe
into the ground to assist the visual inspection

c. CGeophysical Methods. In cases where docunmentation of tank | ocations
i s questionable or nonexistent, the application of surface
geophysi cal nethods has been a successful nmeans of delineating
approxi mate tank boundaries. These nethods can provide informtion
t hat woul d be otherw se unavail abl e wi thout costly, and often
danger ous, ground-intrusive activity. |In addition, the same types of
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geophysi cal data used to identify tank burials can often supply
useful information concerning |ocal hydrogeol ogic conditions, and in
some instances, the extent of any gross contam nation associated with
an UST system The success of any single geophysical technique at a
given site is dependent on site-specific conditions. Therefore, it
is generally recommended that you apply nore than one geophysica
technique to any single objective to acconmpdate situations where the
data froma particular nmethod are deenmed problematic. |In such a
situation, the questionable data can often be quite useful when they
are used as a supplenent to nore definitive data.

Carefully review all pertinent background information and conduct a
site visit before designing any geophysical survey to make prudent
sel ections of techniques and to optinize the efficiency of the
survey. Several nethods are discussed bel ow and presented in Table
4-1. For nore detailed information, the reader should consult EM
1110- 1- 1802 and ASTM PS78. Al so the reader may refer to EPA/ 625/ R-
92/ 007.

(1) Magnetoneter Surveys. One of the nobst comonly used techni ques
is magnetonetry. Ferronmagnetic objects, such as a steel tank
produce variations, or anonalies, in the earth's magnetic field.
These aberrations are localized and can be mapped at the surface
using one of a variety of nagnetonmeters. Magnetoneter surveys
are relatively easy to inplenent, but interpretation of nagnetic
data alone is not always straightforward. Ferronmagnetic objects
at the surface (e.g., buildings, fences, autonobiles) wll
produce anomalies that may alter or nmask anonualies caused by
ferromagnetic itens beneath the ground. |In addition, the
position of magnetic anomalies at the surface does not
necessarily mmic the position of their underground sources.

(2) Terrain Conductivity. Terrain conductivity is a function of the
type of subsurface material, its porosity, permeability, and the
fluids that fill the pore space. Accordingly, this
el ectromagnetic (EM technique is applicable to assessnent of
some natural hydrogeol ogic conditions as well as to mapping
cont am nant plunes, trench boundaries and, of course,
identifying buried tanks. Simlar to magnetic field surveys,
conductivity surveys are relatively fast and easy to perform
The conductivity data are al so susceptible to the same surficia
"interferences" (caused by cultural features) that can pl ague

4-3



v-v

TABLE 4-1
GEOPHYSI CAL METHODS

Method Depth of Penetration Resolution Advantages Disadvantages
Magnetometer (MAG) Single 55-gallon drum, upto  |Good ability to locate  |Quick, one-man operation. Largﬁe masses of ferrous objects
6 meters. Massive piles55-  |targets. can have broad response
gallon drums, up to 20 meters. Can readily detect buried ferrous objects (buried preventing precise location of
drums or pipelines). individud targets.
Susceptible to interference from
surface metallic objects such as
fences.
Will not detect materials with
low magnetic susceptibility
§| .e., nonferrous objects such as
iber tanks).
Terrain Conductivity Depth controlled by system | Excellent lateral No electrodes required—can be used on surfaces Depth inversion ability very
coil spacing 0.5to 60 meters |resolution. Vertical where electrode plants would be impossible. limited.
typical. resolution of two layers.
Thin layersmay not be [Very fast and efficient. Relatively insengitive to
detected. changes in conductivity in
One or two man crew. highly resistive targets.
Can be conducted through fresh water. Highly conductive surface
materials limits depth of
Two-coail orientations and several intercoil penetration.
separations available to alow several depths of
investigation.
Ground Penetrating Radar (GPR)  |Oneto ten meters Greatest of all three Resolution can be on the order of afew centimeters. |Equipment is
typical-highly site- specific. |geophysical methods. cumbersome-usually requires
Limited by fluids and soils Provides a cross-section of subsurface. flat surface.
with high electrical
conductivity and by fine- Can detect buried drums—ferrous or nonferrous. Depth of penetration seriously
grained materials. limited bY conductive material
Can detect variationsin soil type or moisture. such as clay or water.

Can detect disturbed soil zones.
Can detect water table.

Decreasing transmitter
frequency to increase
penetration decreases
resolution.
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magnet onet er data. However, conductivity meters generally
provi de much better lateral resolution over a buried target.
Further, effective penetration depths and sensitivity (to netal)
can be adjusted according to the objectives of the survey.
Shal l ow terrain conductivity data can provide |ateral resolution
on the order of a few feet, which is usually sufficient for nost
tank renoval s.

(3) Gound Penetrating Radar (GPR). |If site conditions preclude the
use of magnetic and el ectromagnetic techni ques, ground
penetrating radar (GPR) is also a viable, though nore expensive,
means of identifying buried tanks. In fact, GPR can often
provide | ateral resolution on the order of a foot or |ess and
thus mninize costly excavation. The GPR techni que uses high
frequency radi o waves to acquire subsurface information. Froma
small transmitter antenna which is noved slowy across the
ground, energy is radiated downward bel ow t he surface, then
reflected back to a receiver antenna. Variations in the return
signal are continuously recorded in the instrunent's consol e,
providing a continuous "cross-section" of shall ow subsurface
conditions. An interface between materials having significantly
different electrical properties will be apparent on the radar
profile. Buried tanks and other discrete objects can be
identified providing they are of sufficient size to overcone the
i nverse rel ationship between resol ution and depth penetration
The depth of penetration with GPRis highly site-specific and is
limted by subsurface attenuation of the radar waves; this
attenuation is accelerated in materials that have higher
el ectrical conductivities. Generally, better penetration is
achieved in dry, sandy, or rocky areas while poor results are
obtained in noist, clayey, or conductive soils.

4-5. Site Reconnaissance. During efforts to |ocate the tank, the follow ng

items should al so be noted by the designer

a.

Cover. ldentify whether the tank is covered by grass, concrete,
asphalt, etc. |If possible, determ ne thickness of cover by review ng
as-built drawi ngs or inserting a steel rod through the soil. This
information will be used in preparation of excavation requirenents.

Buil ding Proximity. Note where the tank is |located with respect to
buildings. |If the tank is located too close to a building to renove
safely, the option to close the tank in place must be evaluated. A
tank should be far enough away from buildings to all ow the excavation
to be safely conpleted within the excavation criteria specified in
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Chapter 7. Note whether any subsurface structures, such as
basements, sewers, and other utilities are present where vapors can
col l ect.

c. Evidence of Leakage or Spillage. Visually inspect the area above and
surroundi ng the tank. Note whether there is any surface
contam nation indicated by dark soil or stressed vegetation.
Evi dence of | eakage can sonetimes be found in sanitary and storm
wat er manhol es near USTs, in basenment sunps, and in nearby surface
wat ers or groundwater seeps or springs.

d. Uilities. Verify the utility drawings or obtain verification from
the utility as to the exact |ocation of underground or overhead
utilities. Note any deviations fromthe drawi ngs. Evaluate any
effects of utility location on construction activities.

4-6. Tank Contents Sanpling. The determination of the chemnical conposition
of the tank contents and an estimte of the volume of these contents is
crucial in the decision-making process to be perforned by the USACE. This
task may be performed by USACE or a contractor. The objective of tank
sampling is to characterize tank contents and to separately identify those
tanks that contain only fuel oils, petroleum products, or related materials
fromthose that contain PCBs, contami nated oils, solvents, or other hazardous
waste constituents as defined in 40 CFR 260.10 and listed in 40 CFR 261
Appendi x VI11

| f hazardous substances are found during design or predesign activities,
ensure adequate lead-tine to plan appropriate construction activities. Also,
the USACE may recommend |imting subsequent chemical investigations at this
site to include only those analytes found in the UST. The results of these
anal yses can al so sinply be used to deternmi ne the proper nethod of disposal

i ncluding recycling for beneficial use. My USACE Districts utilize
Indefinite Delivery/lndefinite Quantity (ID1Q UST Renoval Contracts, which
i nclude the sanpling as a part of the renmpval process. These contracts make
assunptions based on information provided by the USACE District in a scope of
work and a site visit conducted jointly by the contractor and the USACE
Refer to paragraph 4-2 regarding site investigative activities.

a. Typical properties exhibited by petrol eum products are discussed
bel ow. Petrol eum products can be divided into the foll ow ng genera
groups:

-  @Gasolines.

- Mddle distillates.
- Heavier fuel oils and lubricating oils.
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(1) Gasolines are blends of petroleumderived chenicals plus
additives that inprove fuel performance and engi ne | ongevity.
Gasol ines range in density from0.72 to 0.78 g/cnf and are |ess
vi scous than water. GCasoline is inmscible in water; however
there are many conponents of gasoline that readily dissolve upon
contact with water.

(2) The middle distillate group includes diesel fuel, kerosene, jet
fuel, and lighter fuel oils. These fuels may contain as many as
500 i ndi vi dual conpounds; however, these conpounds tend to be
nore dense, less volatile, |less nobile, and | ess water soluble
t han gasoline material s.

(3) Heavier fuel oils are sinilar in conmposition and characteristics
to the mddle distillates. These types of fuels are relatively
vi scous and insoluble in groundwater and are relatively i mobile
in the subsurface. See Table 4-2 for properties of six comon
petrol eum products.

Hi gh Concentration Hazard. Until the identity of UST contents is
known, all UST contents should be classified and treated as high-
concentrati on waste for purposes of sanple handling.

Overview. As a general guideline, the volume of liquid and sl udge
content in the UST should be estinated before any sanpling is done.
The USACE Contracting Officer's Representative (COR) can make a
deci si on regardi ng sanpling once these quantities are known. The
USACE may have the option (depending on state and | ocal regul ations)
not to sanple a layer and treat the entire layer as hazardous waste.
If this option is not exercised, the follow ng sanpling plan should
be enpl oyed.

(1) Only one liquid | ayer present: Collect subsanples at two
dept hs: near the surface (20 percent depth) and near the bottom
(80 percent depth). These two subsanpl es should be conposited
to forma single sanple for anal ysis.

(2) Two liquid | ayers present: Sanple each liquid |ayer and treat
as a separate sanple.

(3) Empty tanks: Do not sanple tanks found to be free of any liquid
phase. |If there is reason to believe that an enpty tank may
have hel d chenicals other than petroleum oils, and |ubricants
(POLs), consult the Center of Expertise (HTRW CX)for guidance.
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TABLE 4-2
PHYSI COCHEM CAL PROPERTI ES OF SI X COMMON HYDROCARBON M XTURES
Liquid Liquid Wat er. Vapor Vapor Flashgoint
Density Vi scosity solubility Pressure Density (°O
Pr oduct (g/ cn?) (cPoi se) (mg/ L) ( mMm Hg) (g/ n¥)
Aut onpti ve Gasoline 60.736 60.456 5158) &469) 1, 950 <2
.72-0.76 . 36-0. 49 31-185 63-675
[ 15. 6] [ 15. 6] [ 13- 25] [ 38]
No. 2 Fuel Ol 60.916 1. 56) 3.2 &14.3% 109 >38
.81-0.92 .15-1.97 .12-26.4
[ 15] [ 21] [ 21]
No. 6 Fuel Ol 60.96) 5254) ~5 &14.3% 105 >38
.93-1. 06 4.5-493.5 .12-26.4
[ 15] [ 38] [ 21]
Jet Fuel (JP-4) 0. 75 0.829 [21] <300 91 400 -23
Jet Fuel (JP-8) 0. 80 1.98 Negligible |50 N A 46
M neral Base 0. 84-0.96 275 [ 38] Negligible [NA N A >38
Crankcase O | [15]

N A
Not e:
Not e:

Not e:
Not e:
Sour ce:

Not Avail abl e
Al

val ues are approxi nmate.

Val ues for

tenmperature in °C .
Val ues in parentheses are typical of the paraneter.

Density of fuel

vapors 1Is greater

than air

ackets [ ]

so vapors wl |l

Conpi |l ed from various published and unpublished sources.

i ndi cate

tend to coll ect

Tank contents naé be m xtures with varying characteristics.
20°C unl ess ot herw se indi cated. r

a different

in |ow places.
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d. Strategy for the Analysis of UST Contents. There are only a few
categories of liquids likely to be present in underground
storage tanks at nost sites: (1) fuel oil/diesel (2) gasoline
(3) jet fuel (4) kerosene (5) heating oil (6) oily water (7)
chlorinated solvents (8) waste oil (9) herbicides and/or
pestici de/ PCBs, (10) paint and plating waste/byproducts, and
(11) used oil. Sanpling strategy will vary dependi ng upon the
type of material stored and whether the material is intended for
recycle or disposal. Comrercial chem cals and fuel products
recovered froman UST used for product storage that are stil
suitable for use can still be used for their intended purpose.
They do not have to be disposed of as hazardous waste. For
these types of materials, analysis will be confirmatory in
nature to determ ne the product identity and purity. However
fuel water m xtures that must be processed in order to be
usable, materials that can not be used for their intended
purpose, waste oils, used oils, and spent materials will require
anal ysis to characterize themfor recycle or disposal

(1) The anal yses outlined here are intended to obtain enough
information to adequately identify the tank contents for proper
recycl e/ di sposal in accordance with applicable federal and state
regul ati ons. The anal yses shoul d hel p deterni ne whet her the
fluid in an UST is a useable product, is expected to becone a
hazar dous waste when renoved for disposal, or is just oily water
that may be di scharged to a nearby publicly owned treatnment
wor ks (POTW or an oil-water separator

(2) For used oily wastes, the sanpling strategy begins with
consi deration of EPA's Standards for the Management of Used O,
40 CFR 279. To ensure oily waste is not subject to hazardous

wast e regul ation, sanple for total halogens. |If the result is
| ess than 1,000 ng/L hal ogens, then additonal testing would be
l[imted to paraneters listed in Table 4-3. |If nore than 1, 000

ng/ L total hal ogens are detected, the oily waste is presuned to
be hazardous waste unl ess denonstrated otherwi se. To pursue a
non- hazar dous waste denonstration, Methods 8021 or 8260 may be
utilized to determ ne whether signficant anpbunts of hal ogenated
hazardous constituents from Appendi x VIIl of 40 CFR 261 are
present.

The basis for this testing is found in used oil standards in 40 CFR 279.
According to these standards, if oily waste contains greater than 1,000 ng/L
total halogens, it is presuned that |isted hazardous waste was m xed into the
oil. The resultant mxture is then regul ated as hazardous waste unless it can
be denonstrated that the source of the hal ogens was not hazardous waste. Once
t he hazardous waste presunption is rebutted, use Table 4-3 to determ ne
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whet her the oil is on-specification or off-specification. As can be seen from
Table 4-3, used oil can contain up to 4,000 ng/L total hal ogens and still be

consi dered on-specifiction used oil provided the hazardous waste presunption
has successfully been rebutted.

TABLE 4-3
USED OIL SPECIFICATION
Consti tuent/ Property Final Rule Al owable Leve

Arsenic 5 ppm maxi num
Cadmni um 2 ppm maxi num
Chr om um 10 ppm maxi mum
Lead 100 ppm nmaxi mum

Total Organic Hal ogens 1, 000 ppm rebuttable
4,000 ppm maxi mum

Fl ashpoi nt 100 degree F m ni mum

On-specification used oil can be burned in any type of burner. Of-
specification used oil, on the other hand, is restricted to being burned in
devices listed in 40 CFR 279.61. This linmts burning to industrial boilers;

i ndustrial furnaces; utility boilers used to produce electric power, steam
heated or cooled air, or other gases or fluids for sale; on-site space heaters
nmeeting the criteria of 40 CFR 279.23; and hazardous waste incinerators.

The used oil specification in Table 4-3, however, only applies to used oil.

It does not apply to fuel products. For fuel products the sanmpling strategy
will be based primarily on the requirenments of the fuel purchaser/user.
Additionally, testing may be required to determ ne the Departnment of
Transportation (DOT) Proper shipping name for the fuel if sufficient know edge
of the material is not available. GCenerally, testing for flashpoints and
boiling points of petroleum products will be sufficient to determ ne

appl i cabl e DOT shi pping requirenents.

For materials that are not petroleumfuels or used oils such as waste waters,
pai nt wastes, pesticides, PCBs, etc., the sanpling strategy will be to analyze
the material to determ ne whether there are viable recycling and/or energy
recovery options and to determ ne whether the material is subject to

regul ati on under the Resource Conservation and Recovery Act (RCRA) or the

Toxi ¢ Substances Control Act (TSCA).
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e. Required Anal yses.

(1) Analysis for used oil: Analyze each UST organic liquid sanmple
collected for total arsenic, total cadmium total chrom um
total lead, total organic hal ogens, and flashpoint. Currently,
no EPA nethod correctly analyzes organolead in a liquid organic
matri x. The organic layer is not usually analyzed for tota
recover abl e petrol eum hydrocarbons (TRPH) since it is usually
100 percent hydrocarbon (unless required by applicable
regul ations). Analysis to deternmine fuel type is nore
appropri ate.

(2) Analysis for petroleum products: Characterization tests may be
provided by the receiving facility in accordance with state and
| ocal regulations. Sonme facilities performthe work at the
receiving facility. Ohers require characterization tests prior
to shipment. The ignitability test requires only 2 nL of
sampl e. Ship sanples as high concentration wastes. Adhere to
t he USACE Sanpl e Handling Protocol in EM 200-1-3, Appendix F
explicitly.

(3) Analysis for non-petrol eum wastes such as waste waters, PCBs,

(4)

etc.: (NOTE: the scope of this EM does not include hazardous
wast e tanks; however, hazardous wastes nmay be encountered
incidental to other activities such as when water intrudes into
a gasoline product tank. Therefore, this section is intended to
address these types of wastes.) Aqueous | ayers in the tank may
be sanpl ed for TRPH, RCRA characteristics including pH
flashpoint, and TCLP constituents reasonably expected to be
present such as lead (or RCRA netals); PCBs; and volatile
organi ¢ conpound anal ytes. VOC anal ysis requirements are
specified in 40 CFR 265.1084. |f both organic and aqueous phases
are present, the USACE may el ect to anal yze each phase for
certain paraneters selected fromthe conplete list to ninimze
redundancy. The | aboratory used for these anal yses should be
validated to ensure that it is capable of perform ng these

anal yses correctly.

Anal ysis for conpliance with DOT requirements: Unless the
material is a known product, analysis will typically include pH
fl ashpoi nt, and boiling point.
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Tank Accessibility.

(1) Underground storage tanks may not always be easily accessible
for testing during preconstruction activities. Tanks and their
filler caps may have been paved over or nmay be under debris.

The contractor for sanple collection nust consult with the
Contracting Officer’s Representative (COR) before renoving soi

or debris to gain access to an UST. |n cases where UST
accessibility is not possible, tank sanpling may be deferred
until the construction phase. The construction contractor wll
facilitate access to the tank by renoving debris and dirt so
that a sanpling subcontractor nmay coll ect sanples during the
construction phase. You should recognize that if tank sanpling
is deferred until construction due to limted accessibility, the
lack of information can lead to costly problems if surprises are
encountered. These problenms may include contractor downti e,
contract nodifications, and unexpected increases in

di sposal /treatment costs. The tank should not be noved unti

the tank contents can be characterized.

(2) Situations will arise in which UST access is not possible even
though the fill pipe is accessible. This may be the result of
corrosion. In this event, the field sanpling supervisor should

contact the project nanager for gui dance.

UST Contents Sanpling Instructions. These instructions provide a
reasonabl e met hod for sanmpling USTs and may be nodified or repl aced
wi th equival ent instructions to allow for site-specific constraints.
Sanpl i ng devices nust be explosion proof. Acceptable sanpling
devices include: peristaltic punps, bladder punps, weighted bottl es,
Kemrerer sanmplers, bailers, or COLIWASAs (for snall tanks). See EM
200-1- 3 for guidance on sanmpling nethods or refer to EPA/ 540/ P-91/005
Conpendi um of ERT Surface Water and Sedi ment Sanpling Procedures,

EPA/ 540/ P- 91/ 008 Conpendi um of ERT WAste Sanpling Procedures, and
EPA/ 600/ 2- 80/ 018 Sanpl ers and Sampling Procedures for Hazardous Waste
Streanms for additional information on these type of sanplers. The
peristaltic punp provides the nost conveni ent nethod of withdrawi ng a
sample froma tank and makes it easy to sanple separate phases.
Instructions for sanpling liquid layers in a tank are:



(1)

(2)

(3)

(4)

(5)
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Wear personal protective equi pnment as specified in the Site
Saf ety and Health Pl an.

Renove the fill pipe cap with use of nonsparking tools.

Determ ne depth of tank and depth of tank contents: Lower a
wooden stick (1" by 1" by 12') coated with water-indicating
paste (e.g., Kolor Kut™ to the bottomof the tank. Record the
fol |l owi ng:

. Di stance fromthe bottomof the tank to the soil surface.
e Total depth of the sludge layer (if this can be
det erm ned by inspection of the stick).
e Total depth of each layer of liquid in the tank.
» \Whether each |l ayer is aqueous or nonagueous.
(Chlorinated solvents are nore dense than water; oil
gasoline, etc. are less dense than water.) |If the water
is on top, the water-indicating paste will not indicate
t he presence of the heavier-than-water organic |ayer.

Col | ect each separate stratified |iquid and/or solid phase for
cheni cal anal ysis.

To collect a sanple using a peristaltic punp:

. Fasten the tubing to the stick (used for neasuring the
depth of the product) at the point fromwhich the sanple
is to be withdrawn.

. Extend the stick into the tank until it reaches the
bott om

. Operate the punp to withdraw the sanple directly into the
sampl e bottle.

e Adjust the stick to withdraw a sanple from anot her depth.

. O her methods of sanple collection are detail ed bel ow.

(a) Weighted Bottle. Carefully renpve cork with a short, sharp
tug on the chain. Allow adequate tinme for the bottle to
fill. Additional guidance may be found in ASTM Standards D
4057 and E 300.

(b) Kemmerer Sanpler. Seat the valve at the base of the
sampler. Lower the sanpler into the tank. Unseat the valve
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(6)

(7)

(8)

(9)

(10)

(11)

at the desired depth. Additional guidance may be found in
EPA/ 540/ P-91/ 005 (SOP #2013) and ASTM Standard D 4136.

Renove the sanpling device fromthe UST.

Transfer the contents into the sanple containers. Preserve as
appropriate. |If only organic phase is being sanpled, no
preservation or cooling is required. Sanples nust be packed and
shi pped as hi gh-1evel sanples.

Fasten the covers finger tight.

Fill out field notebook, sanmple | og sheet, |abels, and chai n-of -
custody fornms (See Chapter 8 for details).

Place in cooler at 4 degrees C. (Follow Chapter 8 for packagi ng
requi rements, use of cans for high-hazard wastes, etc.)

Decont am nate sanpling equi pment as described in Chapter 9 of
t hi s nmanual .

h. Sl udge Sanpling.

(1)

(2)

Sl udge nmay be present at the bottom of the UST. Since storage
of RCRA-regul ated waste is limted to 90 days without a permt,
it is inportant to characterize it early. |If generator

know edge is | acking, sludge analysis should include flashpoint
to deternmine if it meets the RCRA definition for the
characteristic of ignitability and should include TCLP anal yses
for metals or other suspected TCLP constituents. GCenerally,
perform sl udge sanmpling if:

(a) The tank contains no liquid or the Iiquids have been
renmoved

(b) The tank is being renmoved and di sassenbl ed, and di sposa
regul ati ons for the sludge require sanpling/analysis.

(c) Federal, state, and | ocal regulations require sludge
anal ysi s.

Instructions for sanpling sludge:
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(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)
(i)

(i)

(k)

(1)
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Wear personal protective equipnment as required in the Site
Saf ety and Health Pl an.

Use an appropriate nonsparking sanpling device such as a
pol yet hyl ene di pper (ASTM D 5358)or teflon COLI WASA (ASTM D
5495).

| mredi ately transfer sludge fromthe sanpling device to fil
the pair(s) of bottles required for VOAs. Fill as

conpl etely as possible. Fasten the cover finger tight.
Transfer the remmi nder of the sanple into a stainless stee
m xi ng bow . A stainless steel spoon or trowel may be used
to assist in this step.

Repeat Steps (b) and (d) to obtain the required vol une of
sludge. Refer to the Quality Control (QC) requirements in
Chapter 8. (For some sanples it will be necessary to obtain

at least 48 oz. of sludge.)

Qui ckly remove all nonsludge materials including stones and
vegetation fromthe m xi ng bow .

Conposite (honmogeni ze) the bow contents with a stainless
st eel spoon.

Fill the 8-0z. wide-nmobuth glass bottles at least 3/4 full

Fasten the cover finger tight.

Fill out field notebook, sanple |og sheet, |abels, and
chai n- of - cust ody forns.

Place in cooler at 4 degrees C

Decont am nat e sanpling equi pnent as described in Chapter 9.

QC split/duplicate sanples. Refer to Chapter 8 for split sample
requi renents.
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CHAPTER 5
SI TE CHARACTERI ZATI ON
5-1. GCeneral. This chapter discusses the investigation procedures that can

be enmployed if the contam nation at the UST is nore wi despread than the

i medi ate tank area. Typically these procedures are above and beyond what is
required during a UST renmoval. These activities, if required, should be
performed under a separate contract fromthe UST renoval so as not to slow
down the tank renoval process yet avoid potential UST-renoval contractor

del ays. This chapter is included for guidance and conpl eteness of this
manual . Additional guidance on site characterization my be found in

EM 200- 1-3 and ASTM St andard Guides D 5730 and E 1912.

5-2. Subsurface Soil Gas Survey. Soi |l gas surveys (also called field

hydr ocarbon vapor tests) are a proven quick and economical in situ field

met hod for determ ning the presence of subsurface chenical contamination. The
soi |l -gas survey neasures the relative concentration of volatile hydrocarbon
conponents in the vadose zone of the soil. Data obtained fromthese surveys
can be used to neasure the relative magnitude of volatile hydrocarbons in the
soi|l and contam nant dispersion or nigration trends. Quantitation is
acconpl i shed with a gas chronmat ograph.

This information may help determine the need for quantitative soil sanpling
and/ or the need for nonitoring well installation. Two basic types of soil-
gas surveys comonly performed during UST site assessnments are di scussed

bel ow

a. Active soil gas survey. The first type is the active soil-gas survey
in which a probe is inserted into the subsurface and a vol ume of soi
gas is punped out of the vadose zone into a sanple collection device
for analysis. The gas sanples are injected into a gas chromatograph
that has been calibrated with one or nore of the analytes thought to
be present onsite.

b. Passive Soil Gas Survey. The second type is the passive soil-gas
survey in which a collection device is placed in the subsurface or on
the surface of the ground, allow ng the atnmosphere within the device
to come into conpositional equilibriumwi th the soil atnmosphere.

c. Comparison of Methods. Active soil-gas surveys can be conmpleted in
as little as one day and are nost commonly used. Passive soil-gas
surveys take several days or weeks to conplete. Wile both methods
of soil gas sanpling are applicable to sites contaminated by volatile
organi ¢ conpounds (VOCs), passive soil gas sanpling may al so identify
some sem vol atil e organi c compounds (SVCCs) (EPA/ 510/ B-97/001) .
Det ai | ed gui dance on typical soil-gas nmonitoring may be found in ASTM
D 5314.
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sampl ing nethods al so include headspace neasurenents and fl ux chanber
nts (EPA/ 600/ 8-87/036). Headspace sanpling involves placing sanples
oils into a sealed contai ner and neasuring the concentrations of

in the air above the soil (in the headspace) after some equilization

peri od. Flux chanmber neasurenents are obtained by placing an open-bottoned

chanber o

n the soil surface and slowy passing a carrier gas over the soi

surface and collecting a sanple of the air fromthe chanmber for analysis.

a.

Theory. The presence of VOCs in shallow soil-gas indicates the
observed compounds may either be in the vadose zone near the probe or
i n groundwat er bel ow the probe. The soil gas technol ogy is nost

ef fective in mapping | ow nol ecul ar wei ght hal ogenated sol vent

chemni cal s and petrol eum hydrocarbons possessi ng hi gh vapor pressures
and | ow aqueous solubilities. These conmpounds readily partition out
of the groundwater and into the soil as a result of their high
gas/liquid partitioning coefficients. Once in the soil gas, VOCs

di ffuse vertically and horizontally through the soil to the ground
surface where they dissipate into the atnosphere. The contam nation
acts as a source, and the aboveground atnosphere acts as a sink, and
typically a concentration gradient devel ops between the two. The
concentration gradient in soil gas between the source and ground
surface may be locally distorted by hydrol ogi c and geol ogic
conditions (e.g., clays, perched water). However, soil gas mapping
generally remains effective because distribution of the contam nation
is usually broader in areal extent than the |ocal geologic barriers
and is defined using a | arge database. The presence of geol ogic
obstructions on a small scale tends to create anonmalies in the soil-
gas— groundwat er correl ation but generally does not obscure the
broader areal picture of the contanmi nant distribution. A soil-gas
survey may be performed in the vicinity of each UST. Typically 5 to
10 ground probes are driven to depths simlar to that of the bottom
of the UST or passive sanples are placed around the UST | ocation

Limtations. Soil-gas nethods do have limtations, as discussed
bel ow

(1) Soil probing is nore difficult if the UST is under a |arge
concrete pad.

(2) A positive result indicating site inmpacts are present in the
soil which could be related to contanination from other nearby
sources or froma recent spill.

(3) A positive result could occur (indicating soil contam nation
when none exists at the location) if volatile hydrocarbons from
anot her source are mgrating with and being rel eased fromthe
groundwat er .
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(4) Plant matter can cause false positive results.

(5) A false negative result, incorrectly indicating that the tank
has not | eaked, may result if the UST | eaked many years ago and
the volatile contaminants have |argely degraded or dissipated or
if the |l eak involved nonvolatile |iquids.

(6) Active soil gas may yield a false negative if rainfall or
snownelt occurs just prior to the sanpling. The infiltrating
wat er can drive contam nant vapors ahead of the infiltration
front and draw cl ean atnospheric air into the zone to be
sanpl ed.

(7) Headspace nethods may not yield sanples representative of in-
situ vadose zone atnospheres. Large percentages of vapor phase
and noderate percentages of solute and sorbed phase contam nants
can be lost in the act of soil sanpling.

(8) Driven probes tend to degrade natural soil permeability around
t he body of the probe due to soil compaction concurrent with
insertion. This can be a severe linitation to active soil gas
extraction in nmoist, heavy clay soils.

(9) Soil characteristics such as high water saturation, soi
cenents, clay content and organic matter content will negatively
i mpact results of surface flux chanber neasurements by
restricting the rate of contam nant flux to the chanber.

(10) Humidity can affect the collection efficiency of the adsorbent
nmedia in the sorbent sanplers. Soil gas, even in the drier
climates, will be at a relatively high humdity condition

(11) It is not possible to nmeasure the efficiency of passive-sorbent
noni tori ng devi ces because the bul k vol ume of soil gas affected
by the sorbent trap cannot be measured.

(12) Sanple collection by punping soil gas fromcollection cans or
ground probes may disturb the equilibrium between the soil gas
and the gas sorbed on soil particles. This may cause dilution
and/ or contam nation of the sanple by anmbient air

(13) Hi gh background concentrations may interfere with obtaining
accurate neasurenments when sanpling with sorbents.

Field Equi pment. A portable gas chromatograph with a photoionization
detector (PID) is sensitive to benzene, toluene, ethylbenzene, and
xyl enes (BTEX) and decreasingly sensitive to nonaromatic hydrocarbons
(octane, etc.) and chlorinated hydrocarbons. The gas chromat ograph
may al so be equipped with a flane ionization detector (FID), which is
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al so sensitive to hydrocarbons. The user should be aware of the
advant ages and di sadvant ages of each type of detector. Each type of
detector has limtations related to the environnent. The FIDIis
sensitive to severe changes in tenperature, and the PID will not
function under conditions of high humidity.

Procedure for Conducting a Soil-Gas Survey with a Ground Probe. Use
these instructions as a general guide in conducting a soil-gas survey
using a ground probe near an UST.

(1)

(2)

(3)

(4)

(5)

Site calibration for a portable gas chromatograph. |deally,
use commercially avail abl e vapor standards (| ow pressure

bottl ed, standard calibration gas) for instrument calibration
Inject the gas standard into the instrument with a gas-tight
syringe. (If comercial gas standards are not avail abl e, vapor
standards may be prepared in Tedlar bags filled with ultra-pure
air. |Inject the analyte of interest into the Tedlar bags from
vapor obtained with a gas-tight syringe fromthe headspace
above a neat [pure, 100 percent] standard stored in a 40 nmL VOA
vial with a septumcap. Prepare a new calibration standard
daily. It is generally preferable to use comrercially
avai | abl e calibration standard gases.)

More than one anal yte may be of interest for the gas survey.
Any conpound that may have been stored in the UST (e.qg.
gasoline or other volatile fuels; organic solvents such as

di chl oroet hane, trichl oroethane, benzene, toluene, xylene,

nmet hyl ene chl ori de, acetone; etc.) may be used to calibrate the
instrument so that quantitative results are obtained for that
anal yte.

Typically, a hydraulic mechanismis used to drive and w t hdraw
sampling probes 1.5 to 3 m(5 to 10 feet) long. |n unusually
hard soil, a hydraulic hammer may al so be used. These probes
are typically fitted with detachable drive tips (see Figure 5-
1).

Extract gas through the probe via a vacuum punp connected to
the tubing. Five sanple probe vol unes should be extracted

prior to sanpling.

Renpbve a gas sanple with the gas-tight syringe inserted into
the flexible tubing between the punp and the probe.

Inject the gas sanple into the gas chromat ograph
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Sample Cap
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Figure 5-1 Typical Soil-Gas Apparatus
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(6) Record the results in the field notebook. Note al
identifiable chem cals along with the concentration of each
Al so note significant unidentifiable peaks from each
chromat ogram  Save the chronmatograms as part of the field
document ati on.

e. Decontani nation. Dedicated sanpling probes may be used in |ieu of
field decontam nation during the soil-gas survey. These probes may
then be cleaned (as described in Chapter 9) after the sanpling event
but before | eaving the site.

| f dedicated probes are not used, the follow ng decontani nation
procedure shoul d be foll owed.

(1) Decontam nate the probe between sanple holes by renoving visible
soil .

(2) Do not clean with water or any liquid because this will have an
ef fect on the gas chromat ograph.

(3) Draw ambient air blanks through the probe and anal yze by gas
chromat ography to establish that cross-contam nation is not
occurring.

(4) Another nethod that may be used for decontamination is baking
the volatiles off the probe using a portable heater

5-3. Borehole Drilling/Soil Sanpling. Soil borings and nmonitoring wells are
the primary nmeans of assessing the extent of contam nation from any

hydr ocarbon phase. Borehole drilling is a method for collecting subsurface
soi |l samples and for subsequent well installation (discussed bel ow).

Borehol es are conpleted to determine the nature and extent of contam nation at
an UST site.

a. Methods. It is inportant to recognize that, while the primry focus
on drilling boreholes is for soil sanple collection, borings are al so
required for in-situ testing of subsurface materials and groundwater.
Table 5-1 presents types of drilling nmethods.
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TABLE 5-1

DRI LLI NG METHODS

Dept h
Limt
neters
Met hod Drilling Principle (Ft.) Advant ages Di sadvant ages
Di rect - Advanci ng a sanpling 30 (100) |Avoids use of drilling fluids|Limted to fairly soft materials such as
Push device into the and | ubricants during clay, silt, sand, and gravel. Conpact
subsurface by applying drilling. gravelly materials may be hard to penetrate

static pressure

i mpacts, or vibration
or any conbi nation
thereof to the above
ground portion of the
sanpl er extensions
until the sanpler has
been advanced its ful
length into the
desired soil strata

Equi prent hi ghly nobile

Di st urbance of geochenica
condi tions during
installation is mininzed

Drilling and well screen
installation is fast,
consi derably | ess |abor
intensive

Does not produce dril

cuttings, reduction of |DW

Smal | diameter well screen may be hard to
devel op. Screen may becone clogged if thick
clays are penetrated

The smal| diameter drive pipe generally
precl udes conventional borehol e geophysica
| oggi ng.

The drive points yield relatively low rates
of water.
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Successive 1.5-m (5-
ft) flights of spiral-
shaped drill stemare
rotated into the
ground to create a
hole. Cuttings are
brought to the surface
by the turning action
of the auger

Dept h
Limt
neters
(Ft.)

45 (150)

Advant ages

Fairly inexpensive. Fairly
sinpl e and nobderately fast
operation. Small rigs can
get to difficult-to-reach
areas. Quick setup tine.

Can qui ckly construct shal | ow
wells in firm noncl ayey
materi al s.

No drilling fluid or
lubricants required

Use of holl ow stem augers
greatly facilitates
collection of split-spoon
sanpl es, and continuous
sanpling is possible

Smal | -di anmeter wells can be
bui It inside hollow stem
flights when geol ogic
materials are cavey.

Di sadvant ages

Depth of penetration limted
cavey material s.

especially in

Cannot be used in rock or well-cenented
formations. Difficult to drill in cobbles
or boul ders

Log of well is difficult to interpret

wi thout collection of split spoons due to
the lag time for cuttings to reach ground
surface.

Soi|l sanples returned by auger flight are
di sturbed nmaking it difficult to determ ne
the precise depth fromwhich the sanple
cane.

Vertical |eakage of water through borehol e
during drilling is likely to occur. Solid-
stemlimted to fine-grained, unconsolidated
materials that will not collapse when
unsupported. Borehole wall can be sneared
by previously-drilled clay.

Wth hollowstemflights, heaving materials
can present a problem May need to add

wat er down auger to control heaving or wash
materials from auger before conpleting well

86 43S 0¢€
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TABLE 5-1

DRI LLI NG METHODS

the bottom of the
drill rod clears hole
to all ow penetration.
Cuttings brought to
surface by water

flow ng up the outside
of the drill rod.

not needed for shall ow hol es.

In firm noncavey deposits
where hole will stand open,
wel | construction fairly
sinple. Mninmal equipnent
required.

Equi prent hi ghly nobi | e.

Dept h
Limt
neters
Met hod Drilling Principle (Ft.) Advant ages Di sadvant ages
Jetting Washi ng action of 15 Rel atively fast and Somewhat slow w th increasing depth.
wat er forced out of (50) i nexpensive. Driller often Limted to drilling relatively shallow

depth, snmll dianeter borehol es.
Extrenely difficult to use in very coarse
materials, i.e., cobbles and boul ders.

Large quantities of water required during
drilling process. A water supply is needed
that is under enough pressure to penetrate
the geologic naterials present.

Use of water can affect groundwater quality
in aquifer.

Difficult-to-interpret sequence of geol ogic
materials fromcuttings.

Presence of gravel or larger materials can
limt drilling.

Bor ehol e can col |l apse before setting
monitoring well if borehol e uncased.

900¥ -T-0TTT N3
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TABLE 5-1

DRI LLI NG METHODS

( per cus
i on)

Drilling Principle

Hol e created by
droppi ng a heavy
"string" of drill
tools into well bore
crushing materials at
bottom

Cuttings are renoved
occasional ly by
bailer. Generally,
casing is driven just
ahead of the bottom of
the hole; a hole
greater than 150 mm (6
inches) in dianmeter is
usual 'y made.

Dept h
Limt
neters
(Ft.)

300+
(1,000 +)

Advant ages

Can be used in rock
formations as well as
unconsol i dated formations

Can drill through cobbl es and
boul ders and hi ghly cavernous
or fractured rock. Fairly
accurate | ogs can be prepared
fromcuttings if collected
often enough. Driving a

casi ng ahead of hole

m ni m zes cross-contanination
by vertical |eakage of
formation waters and

mai ntai ns borehole stability.
Recovery of borehole fluid
sanpl es excel |l ent throughout
the entire depth of the
borehol e. Excell ent nethod
for detecting thin water-
bearing zones. Excell ent

met hod for estimating yield
of water-bearing zones
Excel l ent nmethod for drilling
in soil and rock where |ost
circulation of drilling fluid
i s possible.

Core sanples can be easily
obt ai ned

Excel |l ent for devel opnent of
a well.

Di sadvant ages

The potenti al
is very high

for cross-contam nated sanpl es

Decont am nation can be difficult.

Heavy steel drive pipe used to keep hole
open and drilling "tools" can limt
accessibility. Cannot run sone geophysica
| ogs due to presence of drive pipe

Rel atively slow drilling nethod

Heavi er wall, |arger dianmeter casing than
that used for other drilling methods
normal |y used

Tenporary casi ng can cause problems with
enpl acement of effective filter pack and
grout seal

Heavi ng of unconsolidated sediment into
bott om of casing can be a problem
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Rotating bit breaks
formation; cuttings
are brought to the
surface by a
circulating fluid

(mud). Mud is forced
down the interior of
the drill stem out
the bit, and up the

annul us between the
drill stem and hole
wal | .

Cuttings are renoved
by settling in a "nud
pit" at the ground
surface and the nud is
circul ated back down
the drill stem

Dept h
Limt
neters
(Ft.)

1, 500+
(5,000 +)

Advant ages

Drilling is fairly quick in
all types of geologic
materials, hard and soft.

Borehole will stay open from
formation of a nud wall on

si des of borehole by the
circulating drilling nud.
Eases geophysical |oggi ng and
wel | construction

Geol ogi ¢ cores can be
col | ected.

Can use casi ng-advancemnent
drilling nethod.

Borehol e can readily be
gravel packed and grouted

Virtually unlinmted depths
possi bl e

Di sadvant ages

requires experienced driller and

Expensi ve
fair anmobunt of peripheral equipment.

Compl eted well may be difficult to devel op
especially small diameter wells, because of
mud or filtercake on wall of borehole

Lubricants used during drilling can
contam nate the borehole fluid and soil/rock
sanpl es.

Geol ogi ¢ | oggi ng by visual inspection of
cuttings is fair due to presence of drilling
mud. Thus beds of sand, gravel, or clay may
be mi ssed.

Locati on of water-bearing zones during
drilling can be difficult to detect.
Drilling fluid circulation is often |lost or
difficult to maintain in fractured rock
root zones, or in gravels and cobbles

Difficult drilling in boulders and cobbl es.

Presence of drilling nud can contaninate
wat er sanpl es, especially the organic
bi odegr adabl e nuds.

Over burden casing usually required
Circulation of drilling fluid through a
contam nated zone can create a hazard at the
ground surface with the nmud pit and cross-
cont ani nate cl ean zones during circul ation
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Simlar to hydraulic
rotary nmethod except
the drilling fluid is
circul ated down the
bor ehol e outside the
drill stemand is
punmped up the inside
just the reverse of

the normal rotary
met hod. Water is used
as the drilling fluid,

rather than a nud, and
the hole is kept open
by the hydrostatic
pressure of the water
standing in the

bor ehol e

Dept h
Limt
neters
(Ft.)

1500+
(5,000 +)

Advant ages

Drilling readily acconplished
in soils and nost hard rock
Drilling is relatively fast
and for drilling |large

di amet er bor ehol es

Borehol e is accessible for

geophysi cal |ogging prior to
installation of well.
Creates a very "clean" hole
not dirtied with drilling

mud.

Large di aneter of borehole
permits relatively easy
installation of nonitoring
wel | .

Can be used in al
formations.

geol ogi ¢
Very deep penetrations
possi bl e

Split-spoon sanpling
possi bl e

Di sadvant ages

Drilling through cobbl es and boul ders may be
difficult.

Use of drilling fluids,
addi tives, and lubricants
bor ehol e chemi stry.

pol yneric
can affect the

A large water supply is needed to nmintain
hydrostatic pressure in deep hol es and when
hi ghly conductive formations are
encount er ed

Expensi ve —experienced driller and nuch

peri pheral equi pment required. Hole
dianeters are usually large, comonly 450 nm
(18 inches) or greater

Cross-contam nation fromcirculating water
l'i kely.

Geol ogi ¢ sanpl es brought to surface are
generally poor; circulating water will
"wash" finer materials from sanple.
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Dept h
Limt
neters
(Ft.)

Advant ages

Di sadvant ages

to take continuous
core sanpl es of

over burden soils and
nost hard rock.

any soil material w thout the
use of drilling fluids.

Can drill through boul ders,
wood, concrete, and ot her
construction debris.

Can drill and sanpl e nost
softer rock with high
percentage of core recovery.

Drilling is faster than nost
ot her met hods.

Reduction of |DW

ir Very simlar to 1,500+ |Can be used in all geologic Rel ati vel y expensive.
Rot ary hydraulic rotary, the |(5,000 +) |[formations; npst successful Cross-contam nation fromverti cal
main difference is in highly fractured communi cati on possi bl e.
that air is used as envi ronments. Air will be mixed with the water in the hole
the primary drilling Useful at nost any depth. and blown fromthe hole, potentially
fluid as opposed to Drilling in rock and soil is |creating unwanted reactions with
mud or water. relatively fast. contam nants; may affect "representative"
Can use casi ng-advancenent sanpl es.
met hod. Air, cuttings and water blown fromthe hol e
Drilling mud or water not can pose a hazard to crew and surroundi ng
required. environment if toxic conpounds encountered.
Borehol e is accessible for Conpr essor discharge air nmay contain
geophysi cal 1ogging prior to |hydrocarbons.
monitoring well installation. |[Organic foam additives to aid cuttings’
Wel | devel opnent rel atively removal may contam nate sanpl es.
easy. Over burden casing usually required.
Soni ¢ Enpl oys the use of 150 Can obtain | arge dianeter, Rock drilling requires the addition of water
|§vi bra- hi gh-frequency (500) continuous and rel atively or air or both to remove drill cuttings.
ory) mechani cal vi bration undi sturbed cores of al npst

Extraction of casing can cause snearing of
borehole wall with silt or clay.

Extraction of casing can danage wel |l screen.

Equi prent i s not

expensi ve.

readily available and is
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TABLE 5-1

DRI LLI NG METHODS

Drilling Principle

Air rotary with a
reci procati ng hammer
connected to the bit
to fracture rock.

Dept h
Limt
neters
(Ft.)

600
(2, 000)

Advant ages

Very fast penetrations.
Useful in all geologic
formations.

Only small anpunts of water
needed for dust and bit
tenmperature control .

Cross-contam nation potenti al
can be reduced by driving
casi ng.

Can use casi ng-advancenent
met hod.

el |
easy.

devel oprment rel atively

Di sadvant ages

Rel ati vel y expensive.

As with npst hydraulic rotary methods, the
rigis fairly heavy, limting accessibility.

Over burden casing usually required.

Vertical mxing of water and air creates
cross-contami nation potential .
Hazard posed to surface environment if toxic
conpounds encount er ed.

DTH hammer drilling can cause hydraulic
fracturing of borehole wall.

The DTH hanmer requires |lubrication during
drilling.

Organic foam additives for cuttings’ renoval
may cont am nate sanpl es.
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Sel ection of the nobst appropriate nmethod or conbination of

met hods nust be dictated by the special considerations inposed
by mul ti purpose borings. For exanple, although the best
apparent nethod for well installation at a particular site may
be direct air rotary with driven casing, nost air rotary

equi prent al l ows sanpling only by cuttings. |If, in this case
soil sampling is required, pilot (or separate) borings done with
equi prent capabl e of providi ng adequate undi sturbed sanpl es may
be necessary. In addition, if drilling is to be conducted in an
area of perched or multiple aquifer systens, auger techniques
shoul d not be used because of the possibility of cross-
cont am nati on; borings nust be advanced using nultiple casing
techni ques that allow isolation of each aquifer encountered.
Addi ti onal guidance on drilling nmethods may be found in EM 1110-
1- 4000 and the foll owi ng ASTM St andar ds:

D 2113 Practice for Rock Core Drilling and Sanpling of Rock
for Site Investigation

D 5781 CGuide for the Use of Dual Wall Reverse-Circul ation

Drilling
D 5782 Guide for the Use of Direct Air Rotary Drilling
D 5783 Guide for the Use of Direct Rotary Drilling Wth
Water-Based Drilling Fluid

D 5784 Cuide for the Use of Holl ow Stem Augers

D 5872 Guide for the Use of Casing Advancenment Drilling
Met hods

D 5875 Guide for the Use of Cable-Tool Drilling and
Sanpl i ng Met hods

D 5876 CGuide for the Use of Direct Rotary Wreline Casing
Advancenent Drilling Methods

D 6286 CGuide for Selection of Drilling Methods for
Envi ronnental Site Characterization

The pl anning, selection, and inplenmentation of any drilling
program requires careful consideration by qualified, experienced
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(3)

personnel. At a mininum the follow ng general steps are
required:

(a) Review existing site, area, and regional subsurface;
geol ogi c; and hydrogeol ogi c i nformation including physica

and chem cal characteristics.

(b) Develop project DQ0s and a SAP. See EM 200-1-2 and EM 200-
1-3 for additional guidance.

(c) Develop a site-specific safety and heal th program

(d) Define the purpose of the drilling and sanmpling, select
drilling nmethods and general site |ayout, and prepare and
execute the drilling contract.

(e) Field inplenentation and decontam nation includes continuous
i nspection by qualified, experienced personnel

Sel ection and inplenmentation of soil drilling and sanpling
met hods requires that specific consideration be given to the
foll owi ng issues:

(a) Prevention of contam nation mgration.

(b) Maintenance of sanple integrity.

(c) Mnimzation of disruption of existing conditions.

(d) Mnimzation of |ong-terminpacts.

b. Equi pnent. Gui dance on sanpling equi prent may be found in EM 200-1-3
and EM 1110-1-1906. Additional guidance may be found in ASTM D 6169.

Hol | ow stem auger drilling is frequently used and nay include the
fol |l owi ng:

(1) Holl owstem auger and drill rig.

(2) Sanpling tubes. Sanpling systens nmay consist of either of the

fol | owi ng:

(a) Continuous sanpling tube systens consisting of 1.5m (5-foot)
long split or solid sanpling tubes. Tubes can be used with
or without liners of various netallic and nonnetallic
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(3)
(4)
(5)
(6)
(7)
(8)

EM 1110- 1- 4006
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materi al s. Continuous sanpl ers advance with the auger
flights.

(b) Split-spoon sanpling consisting of 0.5m (18-inch) long split
spoons with basket-retainer shoe. Split spoons are driven
into the soil ahead of the auger using a drive hamrer.

St ai nl ess steel knives, spoons, and bow s.

Sanpl e containers (see Chapter 8).

I ce.

Shi ppi ng cool ers and suppli es.

Decont am nati on equi pnent (see Chapter 9).

Logbook.

Pr ocedur es.

(1)

(2)

ot ain any federal, state, or local permits required for
constructing wells or clearing the site for work or access.
Contact regul atory agencies to obtain their regul ations
concerni ng subm ssion of boring/well |ogs and sanpl es.

At each borehol e the geol ogist must maintain a | og that contains
at a mnimmthe follow ng information:

(a) Nanme of the project and site.

(b) Hol e number.

(c) Location of the boring.

(d) Type of drill rig and nmethod of drilling.
(e) Size and type of bit used.

(f) Depth of each change of stratum

(g) Thickness of each stratum
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(3)

(h)

(i)
(i)

(k)

(1)

(m
(n)

(o)

(p)
(q)
(r)
(s)

Identification of the material conposing each stratum
according to the Unified Soil C assification System or
standard rock nomencl ature, as necessary.

Depth interval fromwhich each formation sanple was taken.

Hol e di anmeter and depth at which hole dianeter (bit size)
changes.

Depth at which groundwater is first encountered.

Depth to the static water |evel and changes in static water
| evel with hole depth.

Total depth of hole.
Depth or location of any loss of drill water circul ation,
| oss of tools or equipnment, and any other probl ens

encount er ed.

Location of any fractures, joints, faults, cavities, or
weat her ed zones.

Ref erence el evation for all depth neasurenents.
Nane of driller and geol ogi st.
Standard Penetration Test blow counts, if applicable.

Date(s) of drilling, including depths where work shifts
begi n and end.

To take a subsurface soil sanmple (after the sanpler is retrieved
fromthe borehole), follow these steps:

(a)

(b)

Set up decontam nation, sanpling preparation, and support
areas at borehol e | ocation.

Decont am nate all equi pnent, sanplers, and tools that will
cone in contact with sanple nedia (see Chapter 9 for
decont ami nation procedures). Record decontam nation process
i n | ogbook.



(c)

(d)

(e)

(f)

(9)

(h)

(i)

(i)
(k)
(1)

EM 1110- 1- 4006
30 SEP 98

Informdriller of sanple interval (s) for borehole and
oversee sanpling process.

Prepare and | abel all sanmple containers. |If any volatiles
are anal ytes, have the volatiles containers available first.
Label containers with |location, depth, analyte, date, and
time of sanpling.

Have the driller prepare the sanpler for opening, but do not
allow the driller to conpletely open the sanpler.

Wth the sanpler Iying on a clean sheet of plastic, the
onsite geol ogi st should open the sanpler slowy. As the
sampl er is being opened, the surface of the core should be
"sniffed" with a PID/FID. Position the probe of the

i nstrument approximately 25 mm (one inch) fromthe sanple.
Record instrunent readings in the | ogbook. |If the PIDFID
readi ng i s above background, a soil sanple should be

col lected fromthe anonal ous interval. Consult with the
site manager to determ ne whether to submt for chenica
anal yses.

For those locations in which VOCs are anal ytes, VOC sanples
nmust be collected i mediately after the sanpler is opened.
Using a sanpling knife, cut off solid piece(s) (nonminal 25
nm [one inch] in size) of sanple and place piece(s) into the
container. |Immediately close container and place on ice.
The contai ner nust not have any headspace if the sanple is
to be anal yzed for VOCs.

Log the core, recordi ng percent recovery, color, texture,
clay, sand, gravel content, and other notable

characteristics in the | ogbook.

After logging, transfer sanple to m xing bow and thoroughly
honogenat e the sanpl e.

Fill remaining sanple jars.
Prepare necessary Q& QC sanpl es.
Log all sanples in field notebook; |nclude borehole ID

sanmpl e nunber, analyte(s), date, tine, and coll ector
si gnat ur es.
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(m Pack sanples for shipnment, prepare chain-of-custody records
and shi ppi ng docunentation (see Chapter 8).

(n) Ship sanples as specified in Chapter 8.

(4) If the borehole is to be used for a well installation, follow
procedures outlined in Paragraph 5-4 bel ow, otherw se grout the
borehol e. The grout mixture should be conposed of Portland
cenent nmixed to a ratio of 27 liters (7 gallons) of water per
sack of cement with a 3-percent bentonite powder additive.

Grout must be punped into the borehole via a trem e pipe.

| Installation.

a.

Purpose. The purpose of a nonitoring well is to provide an access
poi nt for neasuring groundwater |evels and to collect groundwater
sanmpl es that accurately represent in-situ groundwater conditions at
the specific point of sanpling. Consult EM 1110-1-4000 for gui dance
on nmonitoring well installation

To procure accurate sanples, follow these criteria:
(1) Construct the well with mnimum di sturbance to the formation.

(2) Construct the well of materials that are conpatible with the
antici pated geochem cal and chem cal environment.

(3) Conplete the well properly in the desired zone.

(4) Seal the well adequately with materials that will not interfere
with the collection of representative water-quality sanpl es.

(5) Develop the well sufficiently to renmove any additives associ at ed
with drilling and provi de unobstructed fl ow through the well

Groundwat er Sanpling. Prior to well sanpling, the task manager/field
team | eader is responsible for collecting and review ng information
about the well. This information should include: well construction
nmet hods and materials, well logs, well size, well depth, screen

i nterval (s), and purpose of well (nonitoring, water supply, etc.).
This information should acconmpany the field crew during sanpling.

The foll owi ng procedures should be foll owed during a groundwater
sampl i ng event:
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(2)

(3)

(4)

(5)
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Set up decontam nation, sanple preparation, and support area at
wel | head. (This may be at the rear of a truck/van.)

Decont am nate all equipnent/instrunents that will be placed into
wel | casing or come in contact with water sanples. Record
decont ani nati on process in | ogbook

Review well log for construction, size, and well depth. Record
information in | ogbook. Do not neasure the total depth of the
wel |l prior to sanpling. Measuring to the bottom of the wel
casing may cause re-suspension of settled solids fromthe
formation materials and require |onger purging tinmes for
turbidity equilibration. Measure the well depth after sanpling
is conplete.

Usi ng wat er-1evel probe, determne water |evel (ASTM D 4750).
Record in | ogbook.

Cal cul ate purge volune. NOTE: USACE wel | -purging procedures
specify including the volume of water in the filter (sand) pack
i n purge-volune cal culations. To prevent purging an
unnecessarily large volume of water, cal cul ate height of water
col um using water |evel and construction data. Al so using
construction data, calculate volune of one casing plus filter-
pack volunme (i.e., one purge volunme) using the follow ng
formul a:

Vol ume (gallons) = Br2h (cu. ft). X 7.48 (gallons/cu. ft).

_‘
1

radius in feet (of either auger borehole or well
casing as described bel ow).
hei ght of water colum in feet.

=0
1

Because the water contained in the sand pack will be used in
the cal cul ati ons, follow these steps:

(a) Calculate the total volune of the saturated portion of the
borehol e. Use the radius of the overall borehole (sand
pack plus well casing) for the calculation. This is
Vol ume A

(b) Calculate the total volume of the well casing. Use the

radius of the well casing for the calculation. This is
Vol ume B.
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(6)

(7)

(8)

(c) Determ ne the volune of the saturated portion of the sand
(filter) pack. This is done by subtracting Volume B from
A and nmultiplying the result by a porosity factor of 0.35.
This will be Volune C, the sand-pack volunme, as shown
here:

(Volune A — Volume B).35 = Volune C (sand-pack vol une)

(d) Add Volunes B and C to produce volume of water for one
filter (sand) pack and well casing. That is:

Vol ume B + Volunme C = Volume D, (filter-pack and casing
vol une)

Record cal cul ati ons and the purge volume (Volume D) in
| ogbook.

The well should be purged of at |east three casing and sand
(filter) pack volunes or until pH, tenperature, specific
conduct ance, oxidation-reduction potential (ORP), dissolved
oxygen (DO), and turbidity are each at equilibrium Equilibrium
is established when three successive readings are wthin:

. +0.2 pH units.
. +1 degree Celsius for tenperature.
. +3 percent for specific conductance.
. +10nmV for oxidation-reduction potential (ORP).
. +10 percent for DO
. +10 percent turbidity.
Equilibriumwi Il be established by three consecutive readings,

where one casing volune is punped between each reading.
Multiply the filter-pack and casing volume by three to produce
t he m ni mum purge volune. |If well is purged dry before three
purge volunes, allow well to recover and then sanple. See EM
200-1-3 for nore gui dance on well purging.

Begi n purging well using either bailer, submersible punmp, or in-
pl ace punp.

Collect all purge water in 55-gallon drums until the disposa
met hod can be determ ned based on water quality results. NOTE:
In some instances, purging rates nmust be kept bel ow 500 ni/mn
to avoid over punping or punping the well to dryness. ldeally,
wel I s shoul d never be punped to dryness.
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(9) Initiate sanpling after purging has been conpleted. Label al
sampl e containers with well 1D, date, and time of sanpling,
anal ytes, and preservative. See Table 8-3 for sanple bottle
requirements. |f biorenediation is a potential treatnent option
sanmpl es should be collected for testing for nitrates, sulfates,
ferrous iron, and nethane.

(10) Collect sanple with a freshly decontani nated bailer. Lower
bailer carefully into well to prevent aeration of well

(11) Fill VOA containers first (add two drops HCl acid preservative

to containers prior to filling). Overfill container, put on
cap, and invert container to check for bubbles. |If
bubbl es are present, discard sanple and refill. Place sanples
on ice.

(12) Fill other organic analyte bottles next. Do not conpletely fil
the container. Leave approxi mately 10-percent volume as head

space. Mark the volume on the container with a grease pen.

Preserve as specified in preservation table. Place sanples on

i ce.

(13) Fill remaining inorganic anal yte contai ners.

(14) Log all sanples in field | ogbook; include well nunber,
identifier, analyte(s), date, time, and collector signatures.

Record tinme of purge, purge volume, and water quality

paraneters in | ogbook.

(15) Pack sanples for shipnent; prepare chain-of-custody records and
shi ppi ng docurent ati on.

(16) Ship sanples as specified in Chapter 8.

Free Product. Properly installed and constructed nonitoring wells can
be used both to delineate the extent of free product and nonitor
temporal changes in free product accumul ations. However, it is also

i mportant to realize that nonitoring wells are subject to significant
l[imtations in their ability to provide accurate neasurenents of the
t hi ckness of free product in the surrounding soil. Free product can
accunulate in a well only if the well is open (i.e., screened) across
the zone of free product. Wthin a well with a properly positioned
screen, the thickness of free product typically fluctuates in
response to changes in water table elevation. \Were wells are
initially installed with short screens (1.5 m[5 ft] or |less),
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changes in the water table elevation may result in a dry wel
(declining water table) or in a well that is screened bel ow the zone
of free product (rising water table). Even in properly constructed
wel I s, the absence of free product may not necessarily indicate that

petrol eum hydrocarbons are not present in the soil. Simlarly to the
observation that water nmay take days or weeks to enter sone
nonitoring wells constructed in clayey soil, free product may not

initially appear in nmonitoring wells. Such a condition indicates that
the relative pernmeability with respect to free product is very |ow,
hence the nobility of the free product is also low. This may al so
result in a |lower calcul ated volune of free product.

(1) Record the thickness of free product, if encountered. Three
nmet hods are commonly used to neasure free product thickness in a
wel | : steel tape and paste, interface probes, and bail ers.

The pastes used with the steel tape are sensitive to

hydr ocarbons and water. Conmercially avail able interface probes
sense the presence of both oil and water. The first two nethods
are accurate to within about 3 mm (0.01 ft) and are conveni ent
for determining the elevation of the air/free product and

oi | /water interfaces. \Whenever possible, neasurements should be
taken using either steel tape and paste or an interface probe.
A bailer is a transparent cylinder with a check valve at its
base. The bailer nethods can significantly under- or over-
estimate the thickness of free product in the well and should
not be used for deternmining the elevations of air/free product
and free product/water interfaces. Disposable bailers, which are
conmonl y dedicated to nonitoring wells containing free product,
typically collect an unrealistically small product thickness
because of the small size of the intake holes. The use of

bail ers should be limted to verification of the presence of
free product in a well or collection of a small sanple of it.
Bail ers can be used to renmove liquids fromnmonitoring wells
during baildown tests that are designed to determne the rate of
free product recovery into wells. For nmore information on free
product neasurenent and recovery see EPA/ 510/ R 96/ 001

5-5. Aquifer Testing. After conpletion and devel opment of all nonitoring
well's, performslug tests at each well to provide data to contribute to the
hydr ogeol ogi ¢ characterization of the site. Slug tests provide data to
approxi mate hydraulic conductivity and transm ssivity of the aquifer. The
slug test is a useful tool for estimating the areal variability of these
parameters within a given unit and does not require that any water be
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di scharged fromthe tested well. Also, the test does not artificially induce
contam nant fl ow and can be performed on wells wthin known or suspected
groundwat er contam nation plumes. Further information on aquifer testing may
be found in EPA G oundwater |ssue on Suggested Operating Procedures for

Aqui fer Punmping Tests, EPA/540/S-93/503. CGuidance for measuring well discharge
may be found in ASTM D 5737.

a. Procedure. To performa slug test, a solid slug is introduced into
the well and changing water |evels are neasured with a transducer
Water | evel and el apsed-tine data can be recorded with a data | ogger
and pressure transducer. Both "rising heads" and "falling heads" are
recorded. Additional guidance on conducting a slug test may be found
i n EPA/ 540/ P-91/ 007 and ASTM D 4044.

b. Data. Data fromthe slug tests can be input fromthe strip logs into
a conputer spreadsheet for review After these data are checked for
accuracy, the data file can be transferred into a comrercially
avai | abl e programthat cal cul ates hydraulic conductivity (mday
[gal /day/ft?]) and transmissivity (n¥ day [gal s/day/ft]) for the
aqui fer.

5-6. Soil Testing. To deternine an appropriate corrective action for
contam nated soil and/or groundwater, site-specific information relating to
t he hydrol ogi ¢ and geol ogi ¢ characteristics of the site, as well as soi
chemistry, is needed. These characteristics include depth to groundwater,
soi|l temperature, noisture content, soil water field capacity in accordance
with ASTM D- 2325, or ASTM D- 3152, particle-size distribution, bulk density,
saturated and unsaturated hydraulic conductivity, dissolved oxygen, carbon
di oxi de, total organic carbon, and total volatile hydrocarbons.

An exanpl e of the inportance of these paraneters is: a soil's hydraulic
conductivity directly affects a contaminant's nobility, while soil air
conductivity affects the nobility of the contam nant vapors. Air and
hydraulic conductivity varies fromformation to formation in nmuch the sane
way, with formations of |ow hydraulic conductivity generally having low air
conductivity as well

The procedures for collecting field sanples for soil paraneters are covered
extensively in many other publications and are not discussed in this manual .
Soi | characterization data needs for different renedial technol ogi es can be
found in EM 200-1-2.
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5-7. Survey. Wen there is a release froman underground storage tank, the

hori zontal and vertical extent of the contami nation nust be determined. To
make an accurate determination of contanination extent, verify borehole and
nonitoring well |ocations as well as the elevations of the nmonitoring wells.
Desi gners use this information to devel op a site-specific groundwater contour
map, for calculating the groundwater gradient and flow rate, and a three-

di mensi onal nodel of the soil contam nation. Coordinates and el evati ons
shoul d be established for each well and boring location to a m nimum of third
order survey. Elevations should be provided for each well casing to the

cl osest 5 nm (0.01 foot).

5-8. Waste Di sposal

a. Disposal of Drill Cuttings. Cuttings nust be tested using a PID/ FID
to help determ ne contaminant status. Potentially contaninated
cuttings nust be handl ed as described in "b. Collection and Testing
of Potentially Hazardous Materials" (below). Potentially
contam nated drill cuttings and/or vapors are defined as those
substances with PID/FID readi ngs i n excess of 5 ppm above background
| evel s. This assunes that the tanks being pulled are POL tanks and
that the primary contam nation is fromvolatile contam nants. |f
this is not the case, analytical results of actual soil sanples nust
be used. The inplenmenting agency shoul d provi de gui dance val ues for
soi | disposal. Additional guidance may be found in EPA/ 540/ G 91/ 009

b. Collection and Testing of Potentially Hazardous Materials. Materials
generated during field activities nmust be placed in properly |abel ed
drunms that are Departnment of Transportation (DOT)-approved for
transport of hazardous materials Follow these guidelines:

(1) Segregate all materials in separate drunms (i.e., soil, water,
tyvek, and other simlar materials).

(2) Secure drums at a designated staging area on wooden pallets,
pendi ng recei pt of analytical results.

(3) Label all druns adequately prior to nmoving themto the staging
area. Label druns in a permanent, waterproof nmanner in
accordance with the | A requirenents. Druns nust not be | abel ed
on the top. At a minimum |abel druns as to type of materia
contai ned, site nunber, and |ocation boring nunbers.
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The eventual disposal of the contents of these drunms is

determ ned by the results of the associated analytical tests for
the project. Local regulations may preclude the use of drill
cuttings as backfill. Check with the local A to deternine if
non-contaminated drill cuttings need to be containerized and

di sposed of offsite.
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CHAPTER 6
SAMPLI NG DURI NG UST REMOVAL PROCEDURE
6-1. GCeneral. The purpose of this chapter is to reconmend sanpling

procedures for the excavation of soils from UST sites and free-product
sampl ing procedures for spills or |eaks that have occurred at UST sites. The
obj ectives of the sanpling are:

(1) To obtain soil, and water if present, fromthe surface and known
depths in the vicinity of the UST excavation for eval uation of
site characteristics.

(2) To detect the presence of any contamni nants.
(3) To evaluate the potential for pollutant migration

The contractor should be responsible for assessing specific situations for the
nost appropriate response. Upon renoval of USTs, pools of free product may
exist in the ground cavity. The origin of these pools is usually seepage from
the tank or spills associated with renoval. Free-product pools should be
sanmpl ed to possibly determ ne the nature and source of these |iquids.

Gui dance for preparation of sanpling plans can be found in EM 200-1-3.

6-2. Field Screening for Soil Sanples. An organic vapor analyzer may be used
as a cost-effective screening device for soil sanples. \When this instrunent
is equipped with a sanpling probe and a flame ionization detector (FID) or a
phot oi oni zation detector (PID), it is capable of detecting volatile
hydrocarbons in the 1 to 1,000 ppmrange. The results obtained are not
quantitative, however. The results from several soil sanples are relative and
will allowthe sanmpling teamto select sanples that are the npst contam nated
wi t h hydrocarbons. The presence of little or no organic vapor is possibly

i ndi cati ve of noncontaninated soils. The USACE may use FID/PID results as the
criteria for deciding which soil sanples should be analyzed by the nore
expensi ve gas chromat ography (GC) techni ques (Method 8021 or Mbdified 8015).

O her screening nmethods such as inmunoassay may al so be used for soil tests.

a. Purpose. Field screening is done for a variety of reasons. The
technique is frequently used to screen soil sanples for neasurable
| evel s of volatile organics. For exanmple, the results can be used to
sel ect the npst contam nated sanple froma soil boring for conplete
anal ysis by Method 8021. Field screening is often used as a
predesign activity to construct an effective sanpling plan. The
FIDPID is al so used during construction to delineate the extent of
excavati on.

b. Field Equipnment. A pint jar with nmetal ring-type lid is frequently
used for this screen. The sanple is placed in the bottle and covered
with alumnumfoil. The ring |lid secures the foil. An organic vapor
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anal yzer (such as the Century OVA) is used to neasure volatile
or gani cs.

Instructions for Headspace Analysis by FID)PID. This procedure is
used in categorizing soil based on the quantity of organic vapor
present and may be nodified slightly.

(1) Stabilize and calibrate the FID)PID. Follow the manufacturer's
instructions. Some nodels are factory calibrated to nmethane and
shoul d not be recalibrated. Oher nodels require the use of a
calibration gas; follow the manufacturer's recommendati ons for
calibration (called "spanning") of the instrument (see Chapter
11).

(2) Place soil fromthe soil sanmpling equipnent into the jar. Cover
with foil and secure ring cap. The pint jar should be at |east
3/4 full.

(3) Place the jar in hot tap water (30 degrees C.) for 5 nminutes.
An alternate nethod is to place the jar on the dashboard of a
vehicle with the defrost cycle on.

(4) Renmove the jar fromthe water or dashboard.

(5) Imrediately insert the sanpling probe through the foil and into
t he headspace above the soil

(6) Take the reading and record the value in the field | ogbook al ong
with the other particulars of the sanpling point.

(7) Verify that the FID/PID is reading background before exposing
t he probe to another sanple.

6-3. Sanpling. Guidance for soil and water sanpling may be found in
EM 200- 1- 3.

a.

Soi | Sanpling. Conduct soil sanpling at the ground surface, including
t he exposed walls and bottom of the excavation or within the nound of
excavated soil. Surface soil sanmpling typically refers to sanples
col l ected between 0 and 300 nm (0 and 12 inches) fromthe surface.
Surface soil sanpling may be acconplished with a trowel, a push tube,
a hand auger, or a backhoe. Soil sanples may provide two types of
soi |l contaminant representation: grab and conposite. These sanples
may be collected in randomlocations froma grid pattern or in

sel ected areas believed to be contani nated (as evi denced by staining
or nmeasurable volatile organic readings).
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(1) A grab sanmple is a discrete aliquot representative of a specific
| ocation at a given point in tine. The sanple is collected at
one time and at one particul ar sanpling point and depth.

(2) A conposite sanple is a nondi screte sanpl e conposed of nore than
one specific aliquot that may be collected at various sanpling
| ocations, depths, and/or different points in time. The
aliquots are thoroughly m xed together, and the m xture
honogeni zed.

Water Sanpling. If water is present in the excavation, and has not
been determ ned to be groundwater, conpletely evacuate and di spose of
it in accordance with all applicable regulations. If within 24 hours,
the water recharges into the excavation to a level sufficient for
sampl e collection, collect a sedinment-free sanple as soon as
practicable. However, if water exists in the excavation and site
conditions warrant inmediate backfilling (that is, collapsing side
wal | s or other safety issues), collect a water sanple. Water sanpl ed
directly frominside an excavation or froma soil boring is not
necessarily representative of normal groundwater conditions and
shoul d not be evaluated as a groundwater sanple. Such sanples my,
however, be used to document the existence of a release (ASTME
1599).

Equi prent. Surface soil and water sanpling require |imted equi pnent
i ncluding the follow ng:

e HNu or OVA or equival ent nonitoring devices (Chapter 11).
e« CA (see Chapter 10).

« Backhoe.

 Hand auger.

e Stainless steel trowels.

e« Push tube

e Stainless steel knives and spoons.

e Stainless steel mxing bows.

« Pond sanpler.

e Sanple containers (see requirenents in Chapter 8).
» Decontani nation equi pment (see Chapter 9).

» Personal protective equipnent (respirator, etc.).
« Tape neasure.

Materials. Supplies required to performsoil sanpling include the
fol | owi ng:

» Preservation supplies (ice).

» Sample | abels, custody seals, and chain-of-custody fornmns.
» Personal protective supplies (gloves, tyvek).

» Decontani nation supplies (see Chapter 9).

Logbooks.
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e.

Operations, Procedures, and Instructions.

(1)

(2)

(3)

(4)

Notify and informthe sel ected anal ytical |aboratory before
sampl ing of the estimated nunber of sanples to be collected, the
anal yses required. Special requirenments, if any, and expected
sanmpl e arrival date. This information should be in the project
DQOs provided to the laboratory. 1In addition, nany states have
devel oped required sanmpling patterns for obtaining sanples from
excavations. Contact the state agency to determni ne any
requirenents.

Discuss (as a field tean) the Site Safety and Health Pl an ( SSHP)
prior to initiating field activities. Al nonitoring and
protective equi pment shoul d be checked thoroughly at this tine.
Personal protective equiprment and health and safety standards
are specified for each activity in the SSHP

Set up decontam nation, sanple preparation, and support area at
a central |ocation.

(a) Equiprment Sel ection and Preparation. Decontam nate al
equi prent, sanples, and tools that will conme in contact with
sanmpl e media. Record decontam nation process in |og book
Al'l sanpling equiprment rmust be made of inert and nonreactive
material (i.e., stainless steel, PTFE, glass), and if not
di sposabl e, nust be decontam nated before and between
sampling points. Disposable sanpling equi pnent may be
thrown in the trash if not contam nated or drumred up and
di sposed with the soil. The decontani nation procedure may
vary depending on site and contam nant conditions. Chapters
7 and 9 outline decontam nation procedures.

(b) Carry sanpling equipment to sanple |ocation. Be sure al
equi pment rests on plastic sheeting next to sanple |ocation
Utilize an HNu or Organic Vapor Analyzer (OVA) or simlar
instrument to detect any organic vapors being enmitted during
excavation and sanpling and a Combusti bl e Gas | ndicator
(Cd) to nonitor oxygen |evels.

Sanpl e Contai ner Preparation. Prepare and |abel all sample
containers to be collected that day (sanple containers are

di scussed in Chapter 8). Label should identify sanple |ocation
ID, sanple ID, depth, analyte, date, time of sanpling, and any
preservatives added (preservatives are not usually required for
soi | sampl es although sone jurisdictions may require them
especially for volatile analytes). Tine of sanpling and depth
shoul d be added after sanple is coll ected.
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Sel ection of Sanpling Location. Sanpling |ocations and depths
required within the excavation are often selected to obtain the
nost contam nated sanple. Consult the Inplenenting Agency (IA)
to determ ne sanple | ocations and depths. Soil sanples should
be taken fromthe surface down to approxi mately 300 nm (12

i nches) in depth. Under no circunstances is anyone to enter a
hol e for the purpose of sanpling. Soil sanples are to be taken
fromthe bucket of the backhoe or other inplenent being used for
excavation. Sanples should be collected fromthe native soil
not any surroundi ng backfill. All backfill should be renoved
during soil excavation.

(a) Worst-case locations include:

» Areas around the tanks and piping |locations that record
t he highest reading with the vapor nonitoring equi pnment
or that | ook stained or discolored.

» The | owest point of the tank cavity, if this can be
det erm ned, where the tank nmeets the piping.

e Beneath the fill lines. At |east two surface soi
sampl es—one from either end of each tank-shoul d be
col l ected when the tank(s) are renoved.

(b) Sanples collected may consist of randomgrid grab sanpl es,
random grid conposite sanples, conposite or grab of stained
soils, offsite clean soil, or grabs or conposites from
runof f areas. Consult the |nplementing Agency for further
gui dance on excavation sanpling as well as sanpling fromthe
nmound of excavated soil

(c) If possible, an offsite sanple should also be collected to
conpare with the excavation sanples. This "background"
sampl e shoul d be collected in an undi sturbed area. This may
be difficult to obtain in an industrialized area.

Soil Sanple Collection. Collect a sanple using a stainless
steel trowel or spoon, hand auger, or simlar device.

(a) Collect sanples for volatile organic analysis (VOA) first to
m nimze |l oss of the soil contani nants.

(b) Fill VOA containers directly froma trowel. Do not
honpgeni ze VOA sanpl es.

(c) For sanples subject to other than volatile anal yses, place a
sufficient amount of soil in a stainless steel mxing bow
or tray for honogenization. This includes conposite
samples. Prior to honogenization, renmove all tw gs, stones,
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(7)

(8)

(9)

(d)

(e)

and other debris fromthe soil. Wth a stainless stee
spoon, the sanple is scraped fromthe sides, corners, and
bottom of the tray; rolled to the niddle of the tray; and
initially m xed. The sanple should then be quartered and
noved to the four corners of the mxing vessel. Each
quarter of the sanple should be mxed individually, then
rolled to the center of the container, and the entire sanple
nm xed agai n.

Si nce excavation pits should not be entered, sanples should
be collected by the use of a backhoe. The backhoe is to
scoop a bucket full of soil fromthe desired sanpling

| ocation. The sanpler then collects a sanple fromthe
center of the bucket.

Local requirenents may indicate the need to sanple
groundwater if present in the excavation. |If this is
requi red, sanpling should be acconplished w thout entering
t he excavation. A |long handl ed di pper should be used to
coll ect the water sanple.

Sanpl e Packaging. Place the sanple in a sanple container
appropriate for the type of analysis to be perforned. Container
requi rements are described in Chapter 8 and EM 200-1-3. The

| atest version of SW846, referenced in Chapter 8, should be
used to neet anal ytical requirenents.

(a)

(b)

W pe the outside of the sanple container to prevent the
spread of contami nation. The sanple container nmust not
contai n any headspace. This no headspace requirenent
applies to sanples collected for volatile organic anal yses
only. Log all sanples in field | ogbook or on field sheets;
i ncl ude sanple |ocation, sanple |ID nunber, anal ytes, date,
time, and signatures of sanplers.

As the sanmples are collected, place themin a Zipl ock® bag
in an ice chest containing an ice substitute or regular ice
t hat has been double wapped in plastic. Sanples are kept
on ice to muintain their integrity. Each sanple should be

i ndi vidually wrapped to prevent possible cross-

contam nation. Highly contaninated soil sanples nust be
placed in netal cans (see Chapter 8). Sanple tenperature
shoul d be maintained at 4 + 2 degrees C

Decont am nation. Refer to Chapter 9 for nore information on

decont ani nati on procedures.

Sanpl e Shipping. Refer to Chapter 8 for shipping requirenents.

6-6



EM 1110- 1- 4006
30 SEP 98

6-4. Free-Product Sanpling. This section applies to the sanmpling of residua
free-product pools in an UST excavation. Linmit sanpling to liquid free
product. Saturated soils or sludges should be sanpl ed according to guidelines
descri bed previously. Further guidance on the characterization of free product
may be found in EPA/510/ R 96/ 001

a. Precautions. Specific hazards in the excavation area include the
danger of subsidence both in the pit and of the sidewalls. It is
recormended that personnel never enter an excavation pit. Extrene
caution al so nmust be exerci sed when approaching a pit to sanple from
above, as sidewall subsidence occurs frequently and with no warning.

b. Equi prent. Free-product sanpling is an activity that requires
limted equi pnent, including the follow ng:

. HNu, OVA, or equival ent nmonitoring devices (see Chapter 11).
. Backhoe (if needed).
. Li qui d sanpling equi prent.
. Nar r ow- mout hed gl ass bottles.
. Sanpl e containers (see requirenents in Chapter 8).
. Decont am nati on equi pnent (see Chapter 9).
. Personal protective equipment (respirator, etc.).
. Tape nmeasure.

c. Materials. In addition to the equipment listed in the preceding
section, the supplies required to performfree-product sanpling
i ncl ude the foll ow ng:

. Sanpl e cont ai ners.

. Preservative supplies (ice).

. Sanpl e | abel s, custody seals, and chai n-of - custody forns.
. Personal protective supplies (gloves, Tyvek®).

. Decont am nation supplies (see Chapter 9).

. Logbook.

d. Operations, Procedures, and Instructions.

(1) Notify the selected analytical |aboratory before sanpling of the
estimated nunber of sanples to be collected, the anal yses that
will be required, special requirements (if any) and when it
shoul d expect to receive the sanpl es.

(2) Discuss (as a field team) the SSHP and the procedures outlined
by it prior toinitiating field activities. Al nonitoring and
protective equi pment shoul d be checked thoroughly at this tine.
Personal protective equiprment and safety and heal th standards
are specified for each activity in the SSHP
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(3)

(4)

(5)

(6)

(7)

(8)

Set up decontam nation, sanple preparation, and support area at
a central |ocation.

Equi prent Sel ecti on and Preparation. Decontam nate al

equi prent, sanples, and tools that will conme in contact with
sampl e media. Record the decontani nation process in | ogbook
Al'l sanpling equiprment rmust be made of inert and nonreactive
material (i.e., stainless steel, PTFE, glass), and if not

di sposabl e, nust be decontam nated before and between sanpling
points. The decontam nation procedure nay vary dependi ng on
site and contam nant conditions. Chapters 7 and 9 outline
decont ani nati on procedures.

Carry sanpling equipnent to sanple location. Be sure al

equi pment rests on plastic sheeting next to sanple |ocation
Utilize an HNu, OVA, or sinilar instrument to detect any organic
vapors being enmtted during excavation and sanpling and a CA to
noni t or oxygen | evels.

Sanpl e Contai ner Preparation. Prepare and |abel all sample
contai ners (sanple containers are discussed in Chapter 8).
Label should identify sanple |ocation ID, sanple ID, depth,
anal yte, date, tine of sanpling, and any preservatives added.

Sel ection of Sanpling Location. Sanpling |locations are often
sel ected based on equi prent availability and proximty to the
sides of the excavation pit. Sanples should be taken from each
pool occurring in an excavation pit. |If only one |large pool is
present, at |east two sanples should be taken from separate

| ocations within that pool

Sanpl e Col | ecti on.

(a) Tools: Collect sanmples using clean, stainless
st eel / gl ass/ al um num conbi nati on subsurface grab or COLI WASA
sampl ers. Equi pment instructions are supplied by the
manuf act ur er s.

(b) Containers: Sanples collected with these types of equi pnent
nmust be transferred to sanple bottles for shipnment. Meta
containers with inner cap seals are preferable, but glass
may al so be used.

(c) Methods: When necessary, a backhoe may be used to transport
a pool and surrounding soil to the surface for collection of
the free-product sanple. Another technique is to punp out
the free product fromthe excavation into the sanple jars
using a peristaltic punp. After water separation, sanples
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shoul d be transferred to nmetal or glass containers with
i nner cap seals for transport.

(d) Separating free product: Oten, free product will occur in
pools mixed with water from precipitation or ground seepage.
In these cases, attenpts should be made in the field to
separate free product fromthe water to obtain an adequate
quantity for analysis. GCenerally, 250 nL (80z) of product
is a sufficient amount for nost anal yses required. To
achi eve separation, liquid in a narrow nouthed gl ass bottle
must be allowed to settle until the water has clearly
dropped to the bottom section. Cap the opening and tilt the
bottl e sideways until the floating phase portion floats
clear of the nmouth. Mich of the water can then be drained
away by sinply uncapping the opening while tilting the
bottle. Repeat this procedure until the desired amount of
free-product sanmple is recovered. The residual water nust
be di sposed of according to individual facility guidelines.

Sanpl e Packaging. Place the sanple in a sanple container
appropriate for the type of analysis to be perforned. Container
requi rements are described in Chapter 8. The |latest version of
SW 846, referenced in Chapter 8, should be used to neet

anal ytical requirements. Wpe the outside of the sanmple
container to prevent the spread of contam nation. The sanple
contai ner must not contain any headspace. This applies to the
coll ection of organic sanples for VOCs only. Log all sanples in
t he | ogbook; include sanple |ocation, sanple |ID nunber,

anal ytes, date, time, and signatures of sanplers.

Chai n- of - Cust ody. Chai n-of -cust ody procedures are described in
Chapter 8.

Decont am nation. Decontam nate sanpling equi pmrent before and
after sanpling. First clean equi pment of gross contam nation
then wash it with Al conox soap and distilled water. Rinse it
usi ng dei oni zed water and allow it to dry. Refer to Chapters 7
and 9 for nore informati on on decontaninati on procedures.

Sanpl e Shi pping. Ship sanples via an overnight carrier and
pack according to the DOT or International Air Transport

Associ ation (I ATA) procedures for the transport of sanples.
Refer to Chapter 8 for nore information on sanple shipnent.

Waste Disposal. Waste that is generated during sanpling in and around

wast e nmust

the UST(s) nust be containerized and | abel ed according to its contents. The
be packaged in DOT-approved containers for subsequent treatnment or

as outlined in Chapter 5.
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6-6. Reporting and Docunentation Requirenent.

a.

b

Use a field | ogbook to record:

« Al activities performed, including names of sanplers.
 Location and depths of sanples.

» Dates and tinmes when these activities were perforned.
e Personnel contacted.

e Field conditions.

« Times of site arrival and departure.

e« Soil color and texture.

e Instrument calibration information.

Any unusual circunmstances. |Information should be factual, as it
will be required for preparation of the Cl osure Report discussed
in Chapter 1. |If |ogbook corrections are necessary, draw a single

line through the original entry, wite the corrected entry
alongside it, and initial and date the correction.

I nformation not recorded in the | ogbook nust be recorded on field
forms. In either case the followi ng information nmust be recorded:

e Site identification.

» Type of sanpl es.

« Sanple identification nunbers.
« Date and tinme coll ected.

e Collector's nane.

e Field observations.

¢ Measurenents.

Record safety and health nmonitoring information in the field | ogbook
or on field data forns. Record everything so that events can be
reconstructed at a |later date. This | ogbook, combined with copies of
the custody forms submitted to the |aboratory with the sanples, wll
serve to document sanpling activities.

Phot ographs are suggested. |f photos are taken they need to be

| abel ed with the date, name of photographer, roll nunber, site nane,
canera type and lens size, sequential number of photo, and genera
direction. See EM 200-1-3 for additional information. Telephoto or
wi de- angl e shots cannot be used in enforcenent proceedi ngs because
they can distort the view

6-7. Departnent of Transportation Sanpl e Shi ppi ng Requirenents

a.

Speci al consideration nust be given to shipnent of sanples that are
regul ated as hazardous materials by the Department of Transportation
The foll owi ng types of sanples commonly encountered during UST
renoval activities are potentially DOT-regul ated hazardous material s:
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« Tank contents.

» Saturated soil sanples.

» Free product sanpl es.

» Water sanples preserved with acid.

e Decontam nation fluids.

» Sanpl e preservatives such as met hanol

b. Definition of DOT Hazardous Material. Sanples generated during UST
renoval activities are regulated by DOT as hazardous material s nost
conmonl y because they either nmeet the definition of a conmbustible
liquid, a flanmable liquid, a corrosive liquid, or because they are
RCRA hazardous wastes. For exanple, sanples of tank contents, free-
product, or saturated soils having a flashpoint between 60.5°C
(141°F) and 93°C (200°F) are regul ated as conbustible |iquids.
Material s having a flashpoint of |less than 60.5 degrees C (141
degrees F) are regulated as flammable |iquids. Water sanples, which
have been acidified for preservation purposes, may neet the
definition of a DOT corrosive liquid. Spent decontam nation fluids
utilizing nitric acid, nethanol, or hexane may be regul ated by DOT
because they are RCRA hazardous wastes. See Chapter 8 for sanple
packagi ng, marking, and shipping requirements. See 49 CFR
Subchapter C for details on Hazardous Materials Regul ations.
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CHAPTER 7
SI TE SAFETY AND HEALTH PLAN REQUI REMENTS
7- 1. General. A witten site-specific safety and health plan is required to

protect onsite personnel, the environment, and potential offsite receptors
fromthe chem cal and physical hazards particular to the UST site. The site
safety and health plan (SSHP) nust address all potential hazards and nust
present a plan of inmmediate action to protect all contractor's enpl oyees and
USACE personnel and/or property. The SSHP rmust be foll owed during

i nvestigations, testing, repair/upgrade, renmoval, and all other UST-associ ated
work. The contractor must be required to provide to the USACE, or an

aut hori zed representative, an SSHP before any work is initiated onsite in
fulfillment of the contract or subcontract for UST work as directed by USACE
The contractor must utilize the services of a certified industrial hygienist
(CIH) or a certified safety professional (CSP) experienced in hazardous waste
site operations to oversee the devel opment and inplenmentation of the safety
and health docunents required by this section.

a. References. All site investigation and UST renoval activities and
safety and health docunents nmust, at a mininmm conply with the
foll owi ng regul ati ons:

(1) Federal Acquisition Regulation (FAR) Clause 52.236-13: Accident
Preventi on.

(2) USACE, Safety and Health Requirenments Manual ; EM 385-1-1 (I atest
revision).

(3) OSHA Construction Industry Standards, 29 CFR 1926, and Genera
I ndustry Standards, 29 CFR 1910; including but not limted to 29
CFR 1926. 65 - Hazardous Waste Operations and Enmergency
Response.

(4) NI OSH OSHA/ USCE EPA, Cccupational Safety and Heal th Gui dance
Manual for Hazardous Waste Site Activities, October 1985.

(5) USACE, Cuide Specification, CEGS-01350, Safety, Health, and
Emer gency Response (HTRW.

(6) O her applicable federal, state, and |ocal safety and health
requirenents.

b. Personnel. The SSHP nust include but not be limted to:

« Phone nunmbers of all energency response personnel associated
wi th evacuation routes and assenbly areas.
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 Phone nunbers and nanes of persons in the areas adjoining the
UST site.

e« Avroster of all contractor's personnel onsite.

e Detailed directions and a map to the nearest nedical facility.

e Oher inclusions deened necessary to ensure that all safety
requi rements are addressed.

Because of the nature of the flammable or conbustible liquids that are stored
in these tanks, hazardous conditions may arise in the work area during renoval
and subsequent handling of tanks. For this reason, all personnel involved
onsite nust be famliar with the potential hazards and know appropriate safety
and health nmeasures to ensure a safe working environment.

7-2. Submittals. The follow ng safety and health docunments are required for
UST activities delineated in this manual. Avoid providing material of a
general nature that is not related to the UST project or site. Information
readily available in standard texts should be repeated only to the extent
necessary to neet the requirements of this scope. The Safety and Health
Program (SHP) shoul d contain general information required by the referenced
OSHA standard and EM 385-1-1. By conparison, the SSHP should be a bri ef
docunent addressing site-specific safety and health requirenents and
procedures based upon site-specific conditions. Reiteration of genera

i nformation contained in the SHP shoul d be avoided in the SSHP

a. Safety and Health Program The contractor nust subnit a copy of the
SHP required by OSHA Standard 29 CFR 1926. 65(b) (1) through (b)(4)
with the initial SSHP. Information contained in this witten program
nmust be used by reference in the SSHP, as appropriate, to fulfil
site-specific plan detail requirenents.

b. Site Safety and Health Plan. The contractor's SSHP required by 29
CFR 1926. 65(b) (4) must be prepared by the contractor and subnmitted to
the contracting officer for review and approval prior to the
conmencenment of any onsite work by the contractor and/or
subcontractors. The level of detail provided in the SSHP shoul d be
tailored to the type of work, conplexity of site activities, and
anticipated hazards. All topics required by OSHA 29 CFR
1926. 65(b) (4) and those descri bed bel ow must be addressed in the
SSHP. \Where the use of a specific topic is not applicable to the
project, a negative declaration supported by a brief justification
nmust be given.

(1) Site Description and Contam nation Characterization. Describe
the I ocation, topography, and approxi mate size of the site; the
onsite jobs/tasks to be perforned; and the duration of planned
site activities. Compile a conplete list of the contam nants
found or known to be present in site areas. This listing should
be based on results of previous studies; or, if not avail able,
select the likely contam nants based on site history and prior
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site uses/activities. |Include chenical nanes, concentration
ranges, nedi a where found, |ocations onsite, and estimated
quantities/volunes to be inpacted by site work, if known. In

addi tion, information should also be included for any other
chemical s brought onsite to conplete any tank renoval or site
characterization activities.

Hazard/ Ri sk Analysis. Identify the chem cal, physical

bi ol ogi cal, and safety hazards of concern for each site task
and/ or operation to be perfornmed. Analyze these hazards and
devel op procedures for their control. Selection of chemicals as
i ndi cators of hazard must be based on nedia concentrations,
toxicity, volatility or potential for air entrai nment at
hazardous | evel s, and frequency of detection.

Descri be chem cal and physical properties of selected

contam nants, sources and pat hways of enpl oyee exposures,
anticipated onsite and offsite exposure-|level potentials, and
regul atory (including federal, state, and local) or recommended
protective exposure standards. Specify and justify "action

| evel s" based upon airborne exposure hazards and direct skin-
contact potentials for upgrades/downgrades in |evels of
personnel protection; for inplenentation of engineering and/or
work practice controls; for energency evacuation of onsite
personnel; and for the prevention and/or mninization of public
exposures to hazards created by site activities.

Per f or m exposure nonitoring/sanpling as well as personne
nonitoring in accordance with paragraph 7-6 titled Exposure
Moni toring/ Air Sanpling Program Conpare the resulting data
with established "action levels." Initiate the appropriate
corrective actions as necessary.

Acci dent Prevention. The contractor's SSHP will serve as the
Acci dent Prevention Plan (APP) and activity hazard anal yses
(phase plans) as required by FAR C ause 52.236-13 and USACE EM
385-1-1. Thus, a separate APP is not necessary. Any additiona
topics required by EM 385-1-1 nust be addressed in an accident
prevention section of the contractor's SSHP. Daily safety and
heal th i nspecti ons nmust be conducted by the SSHO to determ ne if
operations are being performed in accordance with the
contractor's SSHP, USACE and OSHA regul ati ons, and contract
requirements. In the event of an accident/incident, the
contractor rmust imrediately notify the contracting officer's
representative (COR). Wthin two working days of any reportable
accident, the contractor nust conplete and subnit to the
contracting officer (CO an Accident Report on ENG Form 3394 in
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accordance with AR 385-40 and USACE suppl ements to that
regul ation.

(4) Staff Organization, Qualifications, and Responsibilities. The
organi zati onal structure nust be discussed, including |ines of
authority (chain of command) and overall responsibilities of the
contractor and all subcontractors for site activities, including
supervi sor/enpl oyee rel ati onships. Sumrarize the operationa
and safety and health responsibilities and qualifications of
each key person identified. Specifically:

(a) ACIH o or CSP with experience in hazardous waste site
operations must be responsible for the devel opnent,
i mpl enent ati on, and oversight of the contractor's SSHP and
SHP. The SHP and SSHP nust be signed and dated by the CIH
or CSP prior to submttal

(b) A fully trained and experienced SSHO, responsible to the
contractor and the CIH or CSP, may be del egated to inpl enent
and continually enforce the safety and heal th program and
site-specific plan el enents onsite.

(c) At least one person certified in First Aid/CPR by the Red
Cross, or equival ent agency, mnmust be continuously present
onsite during site operations.

7-3. Medical Surveillance. All personnel perfornming onsite activities nust
be participants in an ongoing nedical surveillance program neeting the

requi rements of 29 CFR 1926.65(f) and ANSI Z-88.2. A description of the
general nmedical surveillance programis to be included in the contractor's
SHP. Al nedical surveillance protocols and exam nation results nust be

revi ewed, signed, and dated by a licensed physician who is certified in
Qccupati onal Medicine by the Anerican Board of Preventative Medicine, or who,
by necessary training and experience, is board eligible. The contractor's SHP
may only describe the content and frequencies of any additional medica

t est s/ exanm nations/ consultations determ ned necessary by the physician due to
probabl e site-specific conditions, potential occupational exposures, and
required protective equipment. Certification of participation in the nedica
surveillance program the date of |ast exami nation, and name of review ng
occupati onal physician nust also be included for each affected enpl oyee. The
witten nedical opinion fromthe attendi ng physician required by 29 CFR

1926. 65(f)(7) nmust be nmade avail abl e upon request to the COR for any site

enpl oyee.

7-4. Safety and Health Training. All personnel performing onsite activities
nmust have conpl eted applicable training in accordance and conpliance with 29
CFR 1926.65(e) and EM 385-1-1. In addition, site-specific training covering
site hazards, procedures, and all contents of the approved contractor SSHP
nmust be conducted by the SSHO for onsite enpl oyees and visitors prior to
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conmencenment of work or entering the site. The type, duration, and dates of
all enpl oyee training perforned nmust be listed by enpl oyee name and certified
in the contractor SSHP. The following training information is general in
nature but should be included in the SSHP

a. Basic, Refresher, Supervisory, and Site Training.

(1) No enpl oyee should be put into a hazardous field situation
wi t hout training that includes an opportunity to practice job
assignments in a nonhazardous situation. This section describes
training requirenents.

(2) Before starting work on the site, an enpl oyee or subcontractor
nmust conpl ete a 40-hour basic hazardous waste safety and health
training course that nmeets the requirements of 29 CFR
1926. 65(e), the OSHA Standard for Hazardous Waste Operations and
Emer gency Response. The training is to be docunented with a
certificate signed by the course director. Basic training also
i ncludes at |east three additional days of field or operations
trai ni ng under supervision. Supervisors are required to
conpl ete ei ght additional hours of hazardous waste nanagenent
traini ng.

(3) On an annual basis, enployees are required to conplete eight
hours of refresher training thereby neeting the requirenents of
29 CFR 1926.65(€e)(8).

(4) Enmpl oyees should conmplete a site-specific safety
training/orientation that enphasizes:

« Names of personnel responsible for site safety and health.

e A discussion of the SSHP

e Site-specific safety and heal th hazards.

» Exposure nonitoring/personal exposure guidelines (e.g., PEL,
TLV, IDHL, odor threshold, etc.).

» Fire extinguishers.

» Designated work zones.

» Phase safety pl ans.

e The nature of site hazards.

» Use of personal protective equipnent (PPE)

» Decontanmination facilities and procedures.

e Work practices by which enpl oyees can ninimze risks from
hazards.

e Site rules and regul ations, including vehicle use.

« Medical surveillance requirenments, including recognition of
synmpt ons and signs of exposure.

« Confined space entry procedures.

« Energency and fire response.
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« Material safety data sheets (MSDSs).
e Procedures for reporting hazardous conditions and practices.
» Safety and Health training requirenents.

b. Training for Subcontractors.

(1) Subcontractors are required to subnit certification that they
have net OSHA requirenments for basic, refresher, and supervisory
trai ning before working on the site.

(2) The SSHO shoul d be responsible for conducting a task-or
assi gnment -specific briefing for subcontractors seeking access
to the site to perform work.

(3) Training should be specific to the assignment or task and may
i nclude the same topics discussed in the previous section

(4) Subcontractors or authorized visitors may enter the site after
conpleting this orientation, providing that in addition to
neeting the training requirenents, they possess appropriate
nmedi cal and respirator certifications.

c. Visitor Training. Visitors and other individuals seeking access to
the site nust receive a briefing conducted by the SSHO as to their
safety-related responsibilities. This briefing (typically 5 to 10
m nutes in | ength) should include:

e Areas of site restriction.

» Discussion of the site evacuation warning signal

« Discussion of the enmergency egress route.

e Oher topics as deened necessary by the nature of the visit.

7-5. Personal Protective Equipnent (PPE). The contractor’s SSHP shoul d
include a witten PPE Programthat in accordance with 29 CFR 1926.65 (g) (5)
and the respiratory protection programrequirenents of 29 CFR 1926.103. The
contractor SSHP nust detail the mni num PPE ensenbl es (including respirators)
and specific PPE construction materials for each site-specific task/operation
to be performed based upon hazard/risk anal ysis. Conmponents of |evels of
protection (A B, C, D, and nodifications) nmust be relevant to site-specific
conditions, including heat and cold stress potential and safety hazards.
Site-specific procedures for onsite PPE use, limtations, training, fit
testing, cleaning, maintenance, inspection, and storage and disposal should be
i ncl uded al so.

a. Level of Protection. The level of protection for the majority of
site work tasks described in this UST Manual is anticipated to be
Modi fied Level D as described in Table 7-1. However, the SSHO may
upgrade to Level Cif the "action levels" discussed in this plan are
exceeded. Work nmust cease pending a conplete reeval uati on of the
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site conditions by the CIH CSP and SSHO shoul d Level A and B
conditions be anticipated or required once onsite.

(1)

Modi fied Level D. Enployees and subcontractors will be required
to wear the PPE designated in Table 7-1 for tasks that the SSHO
determ nes to be Mddified Level D. The SSHO is responsible for
determining if liquid contam nant exposure could occur. These
conditions may require taping of the joints at the wist and
ankl e.

See Table 7-1 for PPE descriptions for Levels A B, and C
Enpl oyees and subcontractors will be required to wear PPE as
di ctated by task according to the SSHO

b. Respiratory Protection Program

(1)

(2)

(3)

Enpl oyees and subcontractors are required to conformto the
respiratory protection requirenments of OSHA 29 CFR 1926. 103 and
EM 385-1-1. A witten respiratory program as required by 29 CFR
1926. 103(b) (1) should be incorporated as a part of the
contractor's/subcontractor's witten SSHP and provided with the
SSHP to the contracting officer

Enpl oyees and subcontractors nust be required to submt evidence
of respirator fit testing to the SSHO prior to performng tasks
with the potential for upgrade to Level C or Level B. The
docunent ati on of qualitative and/or quantitative fit testing for
survey personnel wearing respirators nust include the follow ng
items for each individual: the manufacturer; the nodel; the
size; the NIOSH Testing and Certification Nunmber; the test
results; the signature of the individual being tested; and the
signature of the staff menber who perforned the fit test.

Bef ore using a respirator, enployees and subcontractors are
required to performan inspection and checkout in accordance
with the manufacturer's instructions. Al respirator users wll
conduct positive- and negative-pressure |eak testing each tine
the respirator is worn to ensure satisfactory fit and val ve

function. The user will performthe follow ng tests:
(a) Positive-pressure test: The user places the pal m of
hi s/ her hand over the exhal ati on val ve and exhal es
gently. If the respirator fits properly, the face piece

shoul d swell slightly.

(b) Negati ve-pressure test: The user covers both cartridges
wi th his/her hands and inhales gently. |If the
respirator fits properly, the face piece should collapse
on hi s/ her face.
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TABLE 7-1
PERSONAL PROTECTI VE EQUI PMENT

Level D Work clothing, as dictated by the weat her
Safety (steel toe/shank) shoes or boots
Cheni cal goggles or face shield
Har d hat
Nitrile, neoprene, or natural rubber gloves (use when
handl i ng or contact may occur with contam nated soils or
simlar incidents)

Modi fi ed Work clothing as dictated by the weat her

Level D Safety (steel toe/shank) shoes or boots
Har d hat
Face shield (for punping operations)

Cheni cal goggles (for tank interior decontam nation
oper ati ons)

Sar anex or pol yet hyl ene-coated tyvek (or equival ent)
Coveralls with hood (use when handling or contact may occur
with contami nated soils or material, tank contents, tank
interior decon, or other simlar incidents)

Nitrile, neoprene, or natural rubber overboots (use when
handl i ng or contact may occur with contamninated soils or
simlar incidents)

Nitrile, neoprene or natural rubber gloves (use when
handl i ng or contact may occur with contamninated soils or
simlar incidents)

Level C Same as for Modified Level D except for the addition of:
Ful |l -face, air-purifying respirator equipped with organic
vapor cartridges

Level B Same as for Modified Level D except for the addition of:
Pressure-demand, full-face SCBA or pressure-demand supplied
air respirator with escape SCBA

Level A Pressure-demand, full-face SCBA or pressure-demand supplied
air respirator with escape SCBA
Ful |y encapsul ating suit
I nner gl oves
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(4) Facial hair (beards, sideburns, etc.) that interferes with the
sealing surface of a respirator or interferes with its valve
function is not permitted. A "one-day" growth of beard is
consi dered to be interference.

(5) Contact |enses must not be worn onsite. Each individual who
requires visual correction nust be provided with the appropriate
corrective lenses that are nade to be nounted inside a full face
pi ece.

(6) Employees and subcontractors are required to clean and di sinfect
their respirators thoroughly after each use or at the end of the
day's activities. Respirator wi pes may be used in the
i nterval s.

(7) Respirators nmust be stored away from dust, sunlight, heat,
extreme col d, excessive noisture, damagi ng chem cals, and
sources of nechani cal danmmage.

7-6. Exposure Mnitoring/Air Sanpling Program (Personal and Environnmental).
VWere there may be enpl oyee exposures to, and/or offsite mgration potentials
of , hazardous airborne concentrations of hazardous substances, then
appropriate direct-reading (real-tine) air nonitoring and integrated time-
wei ght ed average (TWA) air sanpling nmust be conducted in accordance with
applicabl e regul ati ons (OSHA, EPA, state). Both air nmonitoring and air

sampl ing nust accurately represent concentrations of air contam nants
encountered on and |l eaving the site's exclusion/contam nation reduction or
support zones as deemed appropriate for the type of nonitoring perforned.
Fol | ow t hese guidelines for nonitoring:

(1) Utilize sanpling and anal ytical nethods following Nl OSH (for
onsite personnel and site perineter |ocations) and/or EPA (for
site perineter or offsite locations) criteria.

(2) Use laboratories successfully participating in and neeting the
requi rements of the Anerican Industrial Hygi ene Association's
(AI'HA) Proficiency Analytical Testing (PAT) or Laboratory
Accreditation prograns for personnel sanple analysis.

(3) Perform neteorol ogical nmonitoring onsite as needed and use it as
an adjunct in determning perineter and any offsite
noni tori ng/ sanpling | ocations. Were perineter nonitoring/
sampling is not deened necessary, provide a suitable
justification for its exclusion.

(4) Conduct noi se nmonitoring as needed, depending on the site hazard
assessnent.
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(5)

Conpare all nonitoring/sanpling results to "action |evels"
establ i shed pursuant to "Hazard/Ri sk Analysis," in paragraph 7-2
above to determ ne acceptability and need for corrective action.
As a m ni mum devel op action levels by taking into account the
PELs, TLVs, odor thresholds, explosive limts of and nonitoring
i nstrument responses to the contam nants where this informtion
is avail able.

M ni mum action |l evels for benzene and gasoline (where applicable) and percent
oxygen and | ower explosive limts (LELS) nust be as follows:

Benzene

0-1 ppm Level D/ Modified Level D

1-25 ppm Level C/ Modified Level C

> 25 ppm Shut down operations and ventilate the area
Gasol i ne

0-30 ppm Level D/ Modified Level D

30-1, 000 ppm Level C/ Modified Level C

> 1,000 ppm Shut down operations and ventilate the area

Oxyagen Mbonitoring

19. 5% 22% Nor mal operations

< 19.5% Level B, shut down operations and ventilate the
area

>22% Shut down operations and ventilate the area

LEL

< 10% Nor mal operations with nonitoring

> 10% Shut down operations and ventilate the area

a. Exposure Mnitoring.

(1)

(2)

The SSHO shoul d perform exposure nonitoring to ensure that
enpl oyees and subcontractors are not exposed to chem ca
cont am nants above established exposure limts.

Conduct personal nonitoring by taking breathing zone and genera
area neasurenents using direct reading instruments during work
tasks that have the potential for exposure. Wen personnel are
wor ki ng on or near tanks or within trenches/excavations, the
contractor should inplenment routine personnel air surveillance
for the presence of air contam nants (gasoline, benzene, oxygen
| evel, LEL, etc.). Air nmonitoring will be required whenever
personnel enter a confined space or continuously during tank
vapor purging/inerting. (For the purposes of this manual,
purgi ng nmeans any nethod enpl oyed by the contractor to reduce

t he atnosphere in the tanks to less than 10 percent of the LEL
Inerting refers to nethods used to reduce the oxygen content in
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the tank to Il ess than or equal to 8 percent.) Air nonitoring
wi Il ensure that personnel are not exposed above OSHA PELs or
ACA H TLVs, whichever is nore stringent.

(3) Follow these guidelines for environmental nonitoring:

(a) Conduct environnental nonitoring by taking general area
measurenents using direct reading instruments during
wor k tasks that have the potential to produce airborne
contam nants that may migrate offsite.

(b) Conduct confined space nonitoring for all excavations
greater than five feet in depth and continuously during
the tine workers are present in excavations.

(c) Conduct air nonitoring in storage tanks to ensure the
tank has been adequately purged. The contractor nust
test all areas (top, mddle, bottom of the tanks in the
event stratification has occurred.

VWhen nonitoring to ensure personnel safety, both oxygen content and LEL

readi ngs are required. Wen obtaining LEL readings, first verify the oxygen
content of the space to provide for proper operation of combustible gas

i ndicators. Oxygen levels less than 19.5 percent constitute |IDLH conditions.
(If the inerted nature of the tank is to be determ ned, only oxygen readi ngs
are required. Forced fresh air ventilation will be required when
appropriate.)

VWhenever air nonitoring within the exclusion zone indicates Level C, PPE is
required, as well as routine air nmonitoring at the boundary of the excl usion
zone. The SSHO nust expand the excl usion zone as necessary to ensure air
concentrations do not exceed Level D action |levels at the exclusion zone
boundary.

(4) Cold climtes present special problens for nonitoring
instruments and nonitoring in general. Instruments nust be
calibrated frequently and must be allowed tinme to warm up
Meters nmust be calibrated for the conditions of the vapor
m xture to be nmeasured and calibrated at the tenperatures to be
used. Arise in tenperature of 10 degrees requires a calibration
recheck and area resanpling.

b. Exposure Mbnitoring Equi pnent.
(1) The presence of organic vapors throughout the site area and in

breat hi ng zones nmust be determ ned using a real-tine vapor
noni toring instrument such as a PID or FID.
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(2) Equipnent used for real-tine environmental nonitoring include
Phot oi oni zation Detectors (PID), Flane |onization Detectors
(FID), and Conbustible Gas Indicators (CEA). Muny CAs are also
equi pped to nonitor oxygen and hydrogen sulfide levels in the
at nosphere. This type of instrument is recomrended for
environnental nonitoring and required for confined space work.
O her monitoring equi pment that may be necessary (dependi ng on
site conditions) is direct-reading colorinmetric indicator/
detector tube systens for measuring benzene. All instrunents
shoul d be mai ntai ned and cal i brated accordi ng to manufacturers
gui del i nes.

Phase Safety Plans. The follow ng sections contain phase safety

pl ans and are indicative of activities encountered in UST work. Each
site will be different and, therefore, will contain different

hazards. Each specific task will require separate descriptions. The
foll owi ng are exanpl es of typical task descriptions:

(1) Surveying.

(a) Task Description. Wrkers survey various sites for
surface features and locations and el evati ons of all new
noni toring wells.

(b) Physi cal Hazards. Uneven terrain. Unsure footing,
especially in wet conditions. Tick and snake bites.
Rodents. Debris. Poisonous plants. Vegetation in sone
areas can hide hazards. Vehicle traffic. Overhead
obstructions in buildings.

(c) Exposure Hazards. Refer to the hazard anal ysis
par agraphs (7-14) of this chapter for exposure hazards
relative to UST worKk.

(d) Level of Protection. Refer to the action levels
di scussed previously for the applicable action |level for
PPE.

(e) Standard Procedures. The SSHO is required to neasure

the anbi ent air concentrations, check the site for

physi cal hazards, and authorize the surveyor to begin
surveying. The appropriate protective clothing is worn
in accordance with the action levels specified. In sone
cases, Level C may be required, particularly in areas of
significant contani nation.
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(2) Soil-Gas Survey.

(a)

(b)

(c)

(d)

(e)

Task Description. A soil-gas survey may be perforned to
i nvesti gate underground contani nation fromvolatile
chemicals (such as industrial solvents, cleaning fluids,
and petrol eum products) by |ooking for their vapors in
the shal |l ow soil.

Physi cal Hazards. Uneven terrain. Unsure footing,
especially in wet conditions. Tick and snake bites.
Rodents. Debris. Vegetation in some areas can hide
hazards. Poi sonous plants. Vehicle traffic. Heavy
equi prent is involved (i.e., mediumsized vehicle with
| ab equi prent, sanpling equi pnent, and a noderate-sized
hydraulic press to drive sanpler into soil). GCenera
saf ety precautions around heavy equi pnent shoul d be
observed.

Exposure Hazards. Refer to the appropriate portions (7-
14) of this chapter for the exposure hazards. The
borehol e provides a conduit for hazardous vapors or
fluids to reach the surface

Level of Protection. Refer to the action levels
di scussed previously to determ ne the action |level for
PPE.

St andard Procedures.

- Wear the appropriate protective clothing in
accordance with the action levels specified. |In
some cases, Level C may be required, particularly in
areas of significant contani nation.

- Wear leather gloves during activities that involve
handling drill rig conponents and sanpl es.

- Know t he | ocation of underground and over head
utilities (electric lines, gas lines, and so forth).
An installation representative, who is know edgeabl e
about the location of buried utilities, must approve
all drilling and/or soil sanpling |ocations.

- Do not wear loose fitting clothing or jewelry.

- Constrain | ong hair.

- Do not touch or go near noving parts.
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- Know t he | ocati on of "Energency Shut Of" swtches.
Shoul d field maintenance on the drill rig be
required, follow | ockout/tagout procedures
appropriate to the equi prent and established in
accordance with 29 CFR 1910. 147.

- Stay away from operating equi pment, particularly if
the rig is located on unstable terrain.

- Mnimze exposure tine if close observation is
required to conplete an inspection

- Allow properly equi pped and protected personnel to
respond in the event of an accident (hitting a gas
line or drilling into heavy contam nation).
| mredi ately | eave the area.

- Do not smoke or use spark-produci ng equi pnent around
drilling operations, because flammabl e gasses may be
rel eased fromthe subsurface environnent.

- Do not work during a rain storm because |ightning
could strike the rig. Heavy rain can increase the
risk of sliding and falling, decrease visibility,
and may make the equi pment nore hazardous to
oper ate.

(3) well Installation.

(a) Task Description. Mnitoring wells are one nmethod that may
be used to provide an access point for neasuring groundwater
I evel s and to collect groundwater sanples that accurately
represent in-situ groundwater conditions at the specific
poi nt of sanpling.

(b) Physical Hazards. Uneven terrain. Unsure footing,
especially in wet conditions. Tick and snake bites.
Rodents. Debris. Vegetation in some areas can hide
hazards. Vehicle traffic. In addition, the follow ng
physi cal hazards may exist:

- A nmpjor hazard of air rotary drilling can occur if
the air conpressor hose breaks |oose and flies
around uncontrol |l ably, causing danage to equi pnent,
serious injury, or death.

- Explosion potential. Use of hollow stem auger in
nmet hane- or gasol i ne-soaked soils represents a
potential expl osion.
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- Stacked pi pes can pose a hazard if one pipe falls
and the stack coll apses.

- Heavy equipnment is involved (i.e., drill rig,
conpressor, water truck, flat-bed for drill rods).
General safety precautions around heavy equi prent
shoul d be observed.

- Hoisting the rope with a wi ndlass during sanpling
provides a potential for injury if something slips
or breaks.

- The weight used to drive the split-spoon is |ocated
over head where disintegrating netal can fly anywhere
i f sonething breaks.

- O her physical dangers include: heavy rotating
conponents, hoisting heavy material s overhead,
material falling fromthe nmast, and exposure to hot
engi ne parts.

(c) Exposure Hazards. Refer to paragraphs 7-14 of this chapter for
i nformati on on exposure hazards. |In addition

- Cuttings, drilling liquids, and groundwater may be
contam nated. The presence of hazardous
constituents should be eval uated, and the fluids
managed accordingly. Avoid direct contact with
these materi al s.

- The borehol e provides a conduit for hazardous vapors
or fluids to reach the surface. For exanple,
met hane in a landfill, vapors from buried drunms, and
cont am nat ed groundwater can all be conveyed up the
borehol e. Respiratory and dernmal protection may be

needed.

- Rotary drilling with air can cause stripping of
hazardous vol atiles that may be present in the soil
and these vapors will be concentrated at the
wel | head. For this reason, rotary air drilling may
present a nore serious inhalation hazard than
drilling with other fluids.

(d) Level of Protection. Refer to the action |evels discussed
previously for the appropriate PPE

(e) Standard Procedures.



EM 1110- 1- 4006
30 SEP 98

Wear the appropriate protective clothing in
accordance with the action |levels specified. War
gl oves during activities that involve handling dril
rig conmponents and sanples. |In sone cases, Level C
may be required, particularly in areas of
significant contani nation.

Monitor all drilling activities with a CAd for
expl osi ve gases. Readings should be collected in
t he borehol e whenever a sanple is collected or
drilling is stopped.

Use common sense. Drill rigs are heavy equi pnent
and shoul d be respected as such

Know t he | ocation of underground and over head
utilities (electric lines, gas lines, and so forth).

Wal k conpl etely around the rig before raising the
drill rig mast in the vicinity of power |ines.
Determ ne the mini num di stance from any point on the
drill rig to where the nearest power line will be
when the mast is raised and/or being raised. Do not
rai se the mast or operate the drill rig if this

di stance is less than 6 nmeters (20 feet).

M ni mum protective gear includes steel-toed shoes,
hearing protection, hard hats, and eye protection.

Do not wear loose-fitting clothing or jewelry.
Constrain long hair
Do not touch or go near noving parts.

Know t he | ocation of "Energency Shut Of" swtches.
The driller and the SSHO must check the emergency
kill-switch operation prior to comencing a drilling
and/ or sanpling study and during the daily

mai nt enance check. All mal functions mnmust be
docunented and reported to the project manager. Al
mal f uncti ons nust be repaired before drilling and/or
sampl ing operations are permtted.

Stay away from operating equi pment, particularly if
the rig is located on unstable terrain. |f close
observation is required to conplete an inspection,
m ni m ze exposure time.
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- In the event of an accident (hitting a gas line or
drilling into heavy contam nation), allow properly
equi pped and protected personnel to respond.
| mredi ately | eave the area.

- Do not smoke or use spark-produci ng equi pnent around
drilling operations because flamrabl e gases may be
rel eased fromthe subsurface environnent.

- Do not work around a drill rig during a thunderstorm
because lightning could strike the rig. Heavy rain
can increase the risk of sliding and falling,
decrease visibility, and may make the equi pment nore
hazardous to operate by decreasing friction on the
rope around the w ndl ass.

- Wear the appropriate respiratory and der nal
protection if exposure to hazardous vapors or
contam nated cuttings and fluids is a possibility.

Groundwat er Sanpl i ng.

(a)

(b)

(c)

(d)

(e)

Soi

(a)

Task Description. G oundwater wells at various sites are
devel oped, sanpled, and the water |evel measured.

Physi cal Hazards. Metallic well parts can cut hands.

Uneven terrain. Unsure footing, especially in wet
conditions. Tick and snake bites. Rodents. Debris.
Vegetation in sone areas can hide hazards. Vehicle traffic.

Exposure Hazards. Refer to the appropriate portion of this
chapter for exposure hazards. (See paragraphs 7-14.)

Level of Protection. Refer to the action levels discussed
previously for the appropriate PPE at the specific site.

Standard Procedures. Refer to Appendix C for the procedure
for opening and sanpling wells. War the appropriate
protective clothing in accordance with the action |evels
specified. |In sone cases, Level C nay be required,
particularly in areas of significant contanination.

Sanpl i ng.

Task Description. Collect soil sanples at intervals during
wel | installation, and collect soil borings at specified

| ocati ons.
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(b) Physical Hazards. Refer to above for the hazards of
drilling rigs. Uneven terrain. Unsure footing, especially
in wet conditions. Tick and snake bites. Rodents. Debris.
Vegetation in sone areas can hide hazards. Vehicle traffic.

(c) Exposure Hazards. Refer to the appropriate portion of this
chapter for exposure hazards. (See paragraphs 7-14.)

(d) Level of Protection. Refer to the action levels discussed
previously to select the proper action |level for PPE

(e) Standard Procedures. War the appropriate protective
clothing in accordance with the action |evels specified.
G oves are worn during sanpling activities. |n some cases,
Level C may be required, particularly in areas of
significant contanination.

7-7. Heat/Cold Stress Mnitoring. |nplenent heat-and/or cold-stress

noni toring protocols as appropriate. Determ ne work/rest schedul es based upon
ambi ent tenperature, humdity, wind speed (wind chill), solar radiation
intensity, duration and intensity of work, and protective equi pnent ensenbl es.
Devel op mi ni mum required physi ol ogical nonitoring protocols that will affect
wor k schedules. |In cases where inpervious clothing is worn (full body),

foll ow the N OSH OSHA/ USCG EPA Cccupati onal Safety and Heal t h Gui dance Manua
for Hazardous Waste Site Activities protocol for prevention of heat stress.
Conmence heat-stress nonitoring at tenperatures of 70 degrees F. and above.
VWere inmpervious clothing is not worn, the nost current published ACG H heat -
stress standard threshold limt values (TLV) nust be used. To help prevent
frostbite and hypothernia, reference and follow the nost current published
ACA H col d-stress standard as a nminimum See Appendi x D for heat- and col d-
stress procedures.

7-8. Standard Operating Safety Procedures, Engineering Controls, and Wrk
Practices. The elenments outlined bel ow nust be addressed in the SSHP as a
m ni mum

a. Site Rul es/Prohibitions.
(1) Buddy System

(a) USACE safety and health policy requires each enpl oyee
entering a hazardous waste operation to be acconpanied by a
"buddy." A buddy provides co-worker/partner with
assi stance; observes partner for signs of exposure;
periodi cally checks the integrity of partner's PPE, and
notifies the SSHO i f hel p is needed.



(2)

(b)

(c)

(d)

(e)
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Because t he buddy nust provide hel p, the buddy nust be in
sight or hearing of the enployee, and be prepared to enter
any area the enployee enters. Thus, the buddy nmust be fully
certified to work in the level of protection that the

enpl oyee is working in, and nust have the appropriate PPE
avai l abl e. Personnel should not enter any area to assi st

t hei r buddy unl ess anot her backup is available in the case
of an energency.

Personnel who can provide emergency assistance in the event
of injury or illness can serve as a buddy. Persons able to
serve as buddi es include: USACE personnel; subcontractor
enpl oyees; federal, state, and | ocal regul atory agency

enpl oyees; and facility operators and their enployees.

Persons not able to serve as buddies include: nmenbers of

t he general public or reporters, clerical staff, persons not
wearing the level of protection used in the work area, and
persons not certified to wear the | evel of protection used
in the work area.

The use of buddi es other than USACE personnel is approved
only on a case-by-case basis by the CIH CSP or the SSHO
The buddy nmust agree to, and be aware of, the
responsibilities of a buddy as defined above.

General Safety and Health Rul es.

(a)

(b)

(c)

(d)

(e)

Al'l USACE and subcontractor personnel assigned to work on
the site nust be provided with a copy of the SSHP and nust
attend a daily safety briefing before comenci ng work.

MSDSs for all chemicals brought to the site nust be filed
onsite. Al project personnel will be informed of their
| ocation and availability.

No one will be pernmitted to work al one on the site—the buddy
systemw || be followed.

Eating, drinking, chewing gumor tobacco, snoking, or any
practice that increases the probability of hand-to-nouth
transfer and ingestion of material is prohibited in any

i nvestigation area.

Hands and faces nust be thoroughly washed upon | eaving the
work area and before eating, drinking, or other activities.
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(3)

(f) \Whenever decontam nation procedures for protective clothing
are in effect, the entire body must be thoroughly washed as
soon as possible after the protective clothing is renoved.

(g) Medicine and al cohol can increase the effects of exposure to
toxic chenicals. Personnel using prescription drugs nust
i nformthe doctor prescribing the nedicine of potentia
contact with toxic materials. Field enployees taking over-
t he-counter drugs within a day before work on a site nust
i nforma physician of intentions to perform hazardous waste
operations while using the drug.

(h) Alcoholic beverage intake will be prohibited during the work
day. Personnel under the influence of recreational or
illegal drugs will not be allowed onsite and may face

di sciplinary action.
(i) Wearing of contact |enses onsite is prohibited.

(j) Wearing of beards by individuals assigned to tasks that
require or may require respirators will be prohibited. A
one-day growmh of facial hair that interferes with
respirator-to-face seal is considered to be a beard.

(k) AI'l personnel working in exclusion zones nust process
t hrough decont am nati on before eating, drinking, and/or
snoki ng.

(1) Before initiating any nonroutine operation, personnel mnust
consult SSHO about safety and health requirenments for the
operation.

Site Safety Practices. Historically, one of the najor causes of
physical injuries at sites is slips and falls. To prevent this
hazard, pick up tools, parts, and other equi pment. G ease
droppi ngs, oils, and sludge nust be cleaned up as soon as

possi ble. Use warning signs, railings, and in-place covers to
protect against |ow piping, open tanks, and open nanhol es or

hat ches. The sinple know edge of proper lifting techniques can
save many strained or injured backs. There are a host of
general practices that require training to ensure personne
safety during operation of the site. A few are detailed bel ow

(a) Do not run except in emergencies.

(b) Do not operate noving equi pnent unless instruction inits
use has been given, and use is authorized by the SSHO. Only
properly licensed personnel will be authorized to nove heavy
equi prent .
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Do not perform onsite equi pment mai ntenance unl ess specific
| ockout/tagout instructions are given by the SSHO and

speci fic | ockout/tagout procedures for the equi pnent are
establ i shed and fol | owed.

Observe driving regulations within the site. These include
wearing seat belts at all tinmes when the vehicle is in

noti on and mai ntai ni ng speeds under 15 niles per hour

Renove safety equi pment or supplies fromtheir normal
| ocation after SSHO aut hori zati on.

Position safety devices, safety guards, and chains in place
bef ore equi pmrent operation.

| mprovi sed staging and structures are not pernitted.

Carry a portable two-way radio for energency and rel ated use
(applies to all USACE personnel). The SSHO shoul d al ways
carry a two-way radio.

Keep hand tools and special tools clean and in good repair

Have the SSHO mark and inspect tenporary |ines, power cords,
and outlets prior to use.

Locate buried cables and underground utilities prior to
intrusive activities (such as excavation).

Use the correct tool for the particular job in the proper
manner .

Carry materials and tools with concern for overl oads and
bal ance; these itens nust be securely held.

Avoi d nmovement with obscured vision

Practice good housekeeping at all tines.

Use solvents and volatile liquids for periodic cleaning,
etc., with SSHO authorization. Follow proper storage and

di sposal gui deli nes.

Do not practice "horseplay:" any frivol ous behavi or that
i ncreases the probability of an accident.

Lifting.
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(1)

(2)

Many types of objects are handled in normal operation and

mai nt enance at sites. Care should be taken in handling heavy or
bul ky itenms because they are the cause of a considerabl e number
of accidents. Be certain enployees know the follow ng
fundanmental s of proper lifting to avoid back injuries:

(a) Consider the size, shape, and weight of the object. A
wor ker should not lift nmore than one person can handl e
confortably.

(b) Place the feet far enough apart for good bal ance and
stability. THE FOOTI NG SHOULD BE SCOLI D

(c) GCet as close to the | oad as possible. The Iegs should be
bent at the knees.

(d) Keep the back as straight as possible.

(e) Gip the object firmy.

(f) Straighten the legs fromtheir bend to lift the object.
(g) Never carry a load you cannot see over or around.

(h) Set the object down by positioning yourself |ike you lifted;
the I egs are bent at the knees and the object |owered.

VWhen two or nore workers are required to handl e an object,
coordination is essential to ensure that the load is lifted
uniformy and that the weight is equally divided between

wor kers. Each worker, if possible, should face the direction in
which the object is being carried. In handling bul ky or heavy
items, the follow ng guidelines should be followed to avoid
injury to the hands and fingers:

(a) Have a firmgrip on the object.

(b) Make sure the hands and object are free of oil, grease, or
wat er that might prevent a firmgrip

(c) Inspect the itemfor netal slivers, jagged edges, burrs, and
rough or slippery surfaces.

(d) Wear gl oves when possi bl e.
(e) Keep fingers away from any points that may cause the fingers

to be pinched or crushed, especially when setting the object
down.
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Fall Protection.

(1) Falls are the second | argest cause of physical injuries.

Besi des the fall hazards within the site, |adders and platforns
present an accident hazard. Refer to procedures specified in

t he USACE Safety and Health Requirenents Manual (EM 385 1-1) for
the use of |adders.

(2) Platforms and scaffolds nust be inspected before use, so that
they comply with the USACE Safety and Heal th Requirements Manua
(EM 385 1-1).

Hand Tool s.

(1) Refer to USACE Safety and Health Requirements Manual (EM 385-1-
1) for guidance in the use of hand tools. Only use tools that
are in good condition. |nproper and defective tools contribute
to accidents. Observe the followi ng safe practices:

(2) Use tools in the manner for which they were designed to prevent
injuries.

(3) Be sure of footing before using any tool

(4) Do not use tools that have split handles, nushroom heads, worn
jaws, or other defects.

(5) Do not use makeshift tools or inproper tools.

(6) Make sure that tools cannot fall on sonmeone bel ow when worki ng
overhead. Tie the tools to a line, if necessary.

(7) Use non-sparking tools where there is a possibility of explosive
vapors or gases.

Hoses. (Observe the follow ng rul es when using hoses:

(1) Inspect hoses for defects, cuts, |oose clanps, inproper
fittings, etc., before use.

(2) Never apply air froman air hose to any part of the body or
cl ot hi ng.

(3) Use only standard fittings for all hoses.

(4) Al quick makeup connections nust be secured.
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f.

El ectrical Safety.

(1)

(2)

(3)

(4)

Gui dance for electrical safety appears in the USACE Safety and
Heal th Requi rements Manual (EM 385-1-1). Mdst equi pnent at the
site uses electricity as the power source. Only use equipnent
designed and installed in conpliance with the Nationa

El ectrical Code Fire Code No. 70 (1985), NFPA, on the site.

Mai nt ai ning field equi pnent requires exposure to electrica
hazards that may result in shock or death unless safe practices
are strictly followed. Wen working with electricity, it mnust
al ways be assumed that there is sufficient voltage and current
present to cause injury.

Al'l | ockout and tagging of circuits nmust conply with the

provi sions of 29 CFR 1926.417 and EM 385-1-1. No work will be
performed on any energized electrical circuits. De-energize
electrical circuits by opening the circuit breaker or

di sconnecting the switch feeding them \here no circuit breaker
or disconnect switch exists, enploy other nmethods to de-energize
the circuit. After the circuit has been de-energized, test it
with a voltage tester to make sure there is no voltage present.
Before work starts on the circuit, |ock the disconnect switch or
circuit breaker in the open position with the worker's safety
lock. Attach a warning tag to the switch or breaker with the
wor ker's name on it.

VWhen work is to be performed on electrically driven equipnrent,

l ock the motor disconnect switch or circuit breaker to that

equi prent in the open position with the worker's safety |ock
Attach a warning tag to the switch breaker with the worker's
nane on it. Before work starts on the equi pnent, the worker
must attenpt to operate the equipnent to nake sure it is

i noperative. Adhere to applicable |ockout/tagout procedures in
conpliance with 29 CFR 1910. 147 and EM 385-1-1

Workers will adhere to the foll owi ng general rules:

(a) Survey the work area to determ ne whether any part of an
el ectrical power circuit, either exposed or concealed, is
| ocated such that the performance of work could bring any
person, tool, or machine into physical or electrical contact
withit.

(b) Acquire the SSHO s pernission to open an electrical contro
panel .

(c) Do not use a part of the body to test a circuit.
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(d) Avoid contact with grounding conductors |ike water, pipes,
drains, or metal objects when working on electrica
equi prent or W ring.

(e) Wear an electrical protection ensenble specified by the SSHO
when perfornming electrical work near groundi ng conductors.

(f) Do not bypass or disconnect electrical safety devices.

(g) Use only approved extension cords.

(h) Use only tools with insulated handl es.

(i) Use only portable electrical devices with ground fault
circuit interruption (G-Cl) protection when utilizing
tenmporary electrical systens.

(j) Do not use netal -cased flashlights.

(k) Do not wear jewelry.

(1) Use grounded or double-insulated electric tools.

(m Keep all electric nmotors, switches, and control boxes cl ean
at all tinmes.

g. Mechani cal Equi prent Safety.

(1)

(2)

(3)

(4)

The SSHO nust inspect all mechanical equipnent before it is
all owed on the site.

Accidents in using machi nery and nmechani cal devices can be kept
to a mninum by designing each job to prevent accidents. \Wen
any nechani cal equi pnent is purchased, consider all points that
af fect safety; past accident experience with the kind of

equi prent shoul d serve as a guide, and desirable safety features
shoul d be specified and included in the original design.

The SSHO should ensure that rules and safety practices in the
use of nmechanical devices are regularly followed and that the
equi pment is in proper working order, in keeping with all the
saf eguards that have been adopted.

Safety guards are furnished for protection. The follow ng
regul ati ons rmust be foll owed:

(a) Renove guards only after equi prent has been shut down,
tagged, and | ocked out of service in accordance with 29 CFR
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1910. 147 and EM 385-1-1. Repl ace guards as soon as work is
conpl et ed.

(b) Make sure guards are in place and operative when using
machi nery.

(c) Be thoroughly famliar with equi pment before attenpting to
operate it.

(d) Do not stand on noving equiprment while it is in operation

h. Equi prent Startup and Operation. Rules for safe operation of
mechani cal equi prent may be summari zed as foll ows:

(1) No machine will be lubricated or adjusted while in notion,
unless its manufacturer specifies this practice, and it is
deenmed prudent by the SSHO

(2) Belts, ropes, or other nmoving parts of equiprment rmust not be
gui ded or controlled by hand or foot.

(3) Do not operate machi nes unless they are in good working
condition. The mechanical equi prent operators should perform
dai |l y mai nt enance checks. All mal functi ons nmust be docunented
and reported to the SSHO and the project nanager. Al
mal functions will be repaired before operations are pernitted.

(4) Operators of nechanical equi pnent nust place thenselves in a
"safe" position before putting the equipnment into operation

(5) Shut off power and | ock the equi pment securely against al
notion prior to repairs or adjustments. A warning sign mnust
al so be attached to the |ock

(6) Never oil line shafting while in notion, unless its manufacturer
specifies this practice.

(7) The SSHO nmust authorize machi ne and apparat us operation

(8) No person shoul d use equi pnent without prior instruction or
experi ence.

(9) Provide adequate cl earance at machine installation; passageways
nmust be kept free of stunmbling hazards.

(10) 1llum nate machi nes adequately.

(11) Keep steps, handrails, and floors free from grease and debris.
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Excavations and Trenching. Al site excavations and trenchi ng nust
conply with the provisions of EM 385-1-1 and 29 CFR 1926 Subpart P
Excavati ons.

(1) Excavations.

(a)

(b)

(c)

(d)

To prevent injury and property damage during excavation
wor k, pre-excavation conditions (superinposed |oads, soi
structure, and hydrostatic pressure, etc.) study to evaluate
changes that might occur or situations that m ght devel op
and plan the job ahead. Conduct all excavating work in
conformance with EM 385-1-1 and 29 CFR 1926. 650 t hrough
1926. 653, including requirements for shoring or continuously
sl opi ng excavations in which enpl oyees are exposed to danger
from nmovi ng ground.

The presence of underground facilities, such as utility
lines (water, electricity, gas, or tel ephone), tanks,
process piping, and sewers is a major hazard. |If these are
dug into, undercut, or danaged in any way, there may be
injury or death to workers, interruption of service,

contam nati on of water, disruption of processes, and
expensi ve del ays. Before excavation, the |location of
various utilities and their approxi mate depth bel ow ground
nmust be coordinated through the installation or |oca
private utility district and marked by stakes in the ground.
Contents of buried tanks and pi ping should be indicated on

the location markings. |If the contents are flammble or
toxi c, have proper protective equipnent readily available in
case of rupture. Indicate the bottom depth of the tank.

Make sure cl earance to adjacent overhead transm ssion and
distribution electrical lines is sufficient for the novement
of vehicles and operation of construction equipment. The
requirements stated in EM 385-1-1, 29 CFR 1926 and the

Nati onal Electric Safety Code must be foll owed by the
contractor.

Excavat ed, stockpiled materials or tank and equi pnent nust
not be placed closer to the edge of the excavation than a

di stance equival ent to one-half the maxi mum depth of
excavation. Tarpaulins, sheeted barricades, or low built-up
board barricades must be used to confine material to the

i medi ate area

Barri cade excavations to prevent enployees and others from

falling into it. Wen an excavati on nust renmain open for
duration of the construction work, use barricades, fences,
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horses, and warning signs. |If the excavation nmust remain
open during periods when the work site is unoccupied (i.e.
overni ght, over a weekend, and other simlar off periods),
pl ace |ighted barricades around the excavation to alert
personnel and prevent themfromfalling into the trench
See EM 385-1-1 for safe access requirenents.

(e) Any excavation greater than or equal to 1.2 nmeters (4 feet)
deep must be provided with two neans of access to facilitate
safe entrance and exit. Space the neans of access so that
no worker in the excavation will be nore than 7.5 nmeters (25
feet) fromone of them Make accesses extend fromthe
bottom of the trench to at least 1 nmeter (3 feet) above the
surface of the ground.

Expl osi ve At nmospheres, Ignition Sources, and Hot Work.

(1)

(2)

Sone potential causes of explosions and fires include:

(a) Chenical reactions that produce explosion, fire, or heat.
(b) Ignition of explosive or flammable chenicals.

(c) lgnition of materials due to oxygen enrichnent.

(d) Agitation of shock- or friction-sensitive conpounds.

(e) Sudden release of materials under pressure.

Expl osions and fires may al so ari se spontaneously. However,
nore comonly, they result fromsite activities, such as noving
drunms, accidentally m xing inconpatible chem cals, or

i ntroducing an ignition source (such as a spark from equi pnent)
into an expl osive or flammable environment. Explosions and
fires not only pose the obvious hazards of intense heat, open
flame, snmoke inhalation, and flying objects, but may al so cause
the release of toxic chenicals into the environment. Such

rel eases can threaten both personnel onsite and nmenmbers of the
general public living or working nearby.

To protect against these hazards, the followi ng should be done:

e Conduct initial entry and periodic nonitoring in accordance
with 29 CFR 1926. 65(h).

« Mnitor for explosive atnmospheres and fl amrabl e vapor using
a Cd.
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» Keep all potential ignition sources away from an expl osive
or flammbl e environment.

» Use nonsparking, explosion-proof, intrinsically-safe
equi prent .

» Follow safe practices when perfornm ng any task that night
result in the agitation or release of chemicals. Action
levels for CA nonitoring appear in Table 7-2.

TABLE 7-2
ACTI ON LEVELS FOR CE MONI TORI NG

EXPLOSI ON HAZARD

Linmt Action Guide
0 - 10% No expl osi on hazard; work proceeds
>10% Expl osi on hazard; evacuate, vent

OXYGEN DEFI CI ENCY HAZARD

Linmt Action Guide
<19. 5% Oxygen Oxygen deficient; use supplied air
19.5 - 22% Oxygen No oxygen deficiency hazard; work proceeds
>22% Oxygen Potenti al expl osi on hazard; evacuate, vent

Ref erence: EM 385-1-1
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(3) No ignition sources (e.g., cigarette lighters, matches, or other flane-
produci ng itens) other than those required for the conpletion of the
project, will be permitted in the exclusion- or the contanination-
reducti on zones. To elimnate potential ignition sources, follow these
gui del i nes:

(a) Barricade and post work zones before any work is done that
m ght rel ease vapors.

(b) Stop burning or other work that night be a source of
i gnition.

(c) Elimnate all ignition sources fromthe area where flammabl e
vapors may be present or may travel

(d) Keep work zones free of all ignition sources fromthe tine
tank removal starts until the tank(s) is/are inerted,
resi dues have been renoved, and the tanks' interiors have
been decont am nat ed.

(e) Post signs warning vehicles and other ignition sources to be
kept out of the area.

(f) Do not performwork if the wind direction carries vapors
into areas outside the work zones where they m ght produce a
hazardous condition, nor performwork when an electrica
stormis threatening the work site. Sparks caused by
friction or electrostatic effects may al so be an ignition
source in flammabl e at nospheres, especially at low humdity.
Proper grounding of netal objects and/or electrica
equi prent, together with the use of sparkless tools and
| ocalized humidity adjustment, nay reduce this hazard.

(4) Hot work on the tanks may be conducted only:
(a) Wen inerted and
(b) To the extent necessary to begin disnmantling the tanks.

After decontam nation of the tanks' interiors, hot work nmust not be perfornmed
unl ess conbusti bl e gas/ oxygen nonitoring indicates atnospheres wthin and

i medi ately surroundi ng the tanks are nonconmbustible as defined in this
chapter and Chapter 13. The hot-work prohibition includes welding, grinding,
sawi ng, or other simlar operations that could be expected to potentially
gener ate conbustion-produci ng tenperatures or sparks, or that coul d produce
potentially hazardous fumes or vapors. |f hot work is to be conducted, the
contractor nmust obtain a pernit fromthe contracting officer prior to
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conducting such work and will designate an individual at each hot-work site as
a fire watch. This person's sole responsibility will be to nmonitor the hot

wor k and have i medi ate access to the fire extinguisher |ocated at each hot-
work site. The contractor must obtain a new permt at the start of each work
shift during which hot work will be conducted.

k. I'l'lumination. The SSHO should ensure that all work areas will be
lighted to not less than the illum nation intensities listed in 29
CFR 1926.65(n) and EM 385-1-1. To ensure this, work activities nust
be restricted to daylight hours.

. Confined Space Entry Program The confined space procedures detailed
i n Appendi x E nmust be adhered to where applicable.

m Drug-Free Work Environment. All UST projects shall conply with the
Drug- Free Workpl ace Act requirenents.

7-9. Site Control Measures. Personnel not directly involved with the project
will not be permitted to enter the work zones.

a. Wrk Zones. The exclusion zones should include an area 7.5 neters
(25 feet) fromthe storage tank | ocati on and excavations. At the
excl usion zone perinmeter, the contractor nust establish a
cont ani nati on-reducti on zone. Wthin the contanination-reduction
zone, equi prent and personnel should be cleaned follow ng the
gui delines provided in this chapter and Chapter 9. The contractor's
site office, parking area, and other support facilities nust be
| ocat ed outside the exclusion zone and the contani nation-reduction
zone, in the support zone. The mninmum]level of personal protection
must be indicated in the SSHP. The boundaries of the work zones mnust
be clearly denmarcated and posted by the contractor. A site nmap nust
be included in the SSHP outlining the extent of work zones and
support facilities. The contractor nmust mamintain a register of al
personnel visiting, entering, or working on the site.

b. Signs. Warning zones should be posted at the exclusion zone
perimeter stating:

Hazardous Area - Keep CQut
Danger - No Snoki ng
Aut hori zed Personnel Only

The signs nmust be printed in large, bold letters on contrasting
backgrounds. Signs should be visible fromall points where entry
m ght occur and at such distances fromthe restricted areas that
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enpl oyees may read the signs and take the necessary protective steps
bef ore entering.

OSHA Jobsite Posters. OSHA jobsite posters must be posted at each
site.

Vehicle Operation. Site personnel are expected to conply with al
relevant traffic safety |aws. They nust obey the applicabl e speed
limts. Whenever operating a noving vehicle, personnel nust wear the
seat belts provided.

rsonal Hygi ene _and Decont am nati on

a.

Decont am nati on.

(1) Decontam nate personnel who have come in contact with
contam nated materials; they nmust not exit the work zones
wi t hout first being decontanmi nated. Contam nated materials
i nclude soils that show visible evidence of being discolored or
cont am nat ed, decontami nation fluids, and equi pment that has
cone in contact with these types of soils or decontamn nation
fluids.

(2) Use suitable detergent as the decontani nation solution and
rinse. Items should be rinsed with clean water after washing.
VWhen tenperatures fall to 32° F. or below, mx an additive into
t he decontam nation solutions to prevent freezing.

(3) Personnel who inadvertently become contani nated shoul d
i medi ately wash all contanminated areas. Clothing that is to be
reused shoul d be processed through the wash/rinse cycle three
ti mes and should be visually inspected by the SSHO to ensure no
contam nation remains. Any clothing that cannot be
decontami nated in this nmanner nust be discarded with the
di sposabl e cl ot hi ng.

(4) Containerize and di spose of used wash and rinse solutions as
cont ani nated fl ui ds.

Sanitation. |In accordance with 29 CFR 1926.65(n), sanitary
facilities nust be provided to include drinking (potable) water,
washing facilities, fire-fighting water, and toilet facilities. In
addi ti on, enpl oyees should be provided a clean area for food
handl i ng, as appropriate.

(1) Potable Water. The SSHO rmust identify the closest source of
potable water. |If not sufficiently close, potable water should
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be provided in tightly closed containers equipped with a tap
Sani tary, disposable cups should be provided, with a container
to di spose used cups.

Washing Facilities. The SSHO nust identify washing facilities

| ocated at the site that will allow workers to wash after
decontanmi nation, prior to |leaving the site. Soap and di sposabl e
towels, with a container to collect the towels, should al so be
provi ded.

c. Toilet Facilities. The SSHO rmust identify toilet facilities to be
| ocated onsite for workers.

7-11. Equipnment Decontamnination. Refer to Chapter 9 for decontam nation

procedures.

7-12. Energency Equi pnent and First-Aid Requirenents.

a. Equipment. The following itens, as appropriate, nust be i mediately
avail abl e for onsite use:

(1)

(2)

(3)

(4)

Fire Extinguisher. Select and size fire protection based on
site hazards; at the mninmm a C ass 20A/20BC exti ngui sher
shall be readily available onsite during all site activities.
The fire extingui sher nust be kept with the field crew during
any drilling activity.

First-Aid Kit. Keep 16-unit first-aid kits in the support zone.
Additionally, a mnimmof two First-Aid/ CPRqualified enployees
nmust be onsite during project operations.

Portabl e Eye Wash. Portable eye-wash stations nust be readily
avai |l abl e onsite.

Portabl e Radios. |If deemed necessary, portable two-way radios
shoul d be used as the conmunication |ink between each active
site and the SSHO in case of energency or related matters.

b. Communi cati ons and Notification Protocols.

(1)

I ncl ude emergency tel ephone nunbers in the SSHP. Post these
nunbers and keep themreadily available to nmenbers of the field
crew. Discuss enmergency comunication in the safety nmeeting
prior to initiating the field work. Each nenber of the field
crew shoul d know the | ocation of the closest tel ephone.
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(2) Site notification protocols are listed below. Mtigate the
emergency, then notify the appropriate emergency response
servi ce.

(a) In the case of a fire or explosion, call the local fire
depart ment .

(b) In the case of an accident or injury, the nearest hospital
shoul d be used.

c. Evacuation Procedures.

(1) Wthdrawal From I mediate Wrk Area. Wthdrawal to a safe,
upwi nd |l ocation will be required if any of the foll owi ng occur

(a) If concentrations of volatile organics, conbustibles, or
toxi ¢ gases exceed the action |evels.

(b) Cccurrence of a mnor incident. Field operations should
resume after first-aid and/or decontamni nati on procedures
have been adm ni stered.

(c) Heavy equi pment or monitoring instrunent mal functions.

(2) Wthdrawal From Specific Site. The specific site will be
evacuated in the follow ng cases:

(a) Explosive levels of conbustible gases exceed 10 percent of
the LEL.

(b) A mjor accident or injury occurs.
(c) Fire and/or explosion occurs.

(3) The SSHO shoul d establish a safe refuge point and announce its
| ocation in the daily neeting.

(4) Drill evacuation procedures on a periodic basis.
d. Contingency Procedures.

(1) If an enployee working in a contamnated area is injured or
exposed:

(a) Move the enployee to a clean area (on a stretcher, if
needed) .
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Call for the necessary enmergency nedical response services
(anbul ance, fire, hospital, or poison control center) as
detailed in the SSHP

Renove evidently contaminated clothing (if possible).

Admi nister first aid, if you are qualified, and the
situation warrants it.

Evacuat e ot her persons threatened by the condition.

Arrange transportation to |ocal enmergency nedical facility.

Emergency first-aid treatment is adnministered only by trained
i ndividuals and only to prevent further injury unti
prof essi onal treatnent can be obtained.

If the injury to the worker is chemical in nature (e.qg.
overexposure), institute the following first-aid procedures as
soon as possi bl e:

I njury

Eye Exposure

Ski n Exposure

Br eat hi ng

Swal | owi ng

Tr eat nent

If contaminated solid or liquid gets into the eyes, wash
eyes i mediately at one of the enmergency eyewash stations
using large anbunts of water and lifting the | ower and upper
eyelids occasionally. Obtain nedical attention imredi ately.

If contami nated solid or liquid gets on the skin, renove
cont am nated cl ot hi ng and wash the contam nated skin
pronptly using soap or mld detergent and water. Obtain
medi cal attention imediately if there are any synptons of
exposure.

If a person inhales |arge anbunts of a gas or vapor, nove

i ndividual to fresh air at once. |If the person cannot
breathe, provide artificial respiration. Keep the affected
person warm and at rest. Obtain nmedical attention

i medi ately.

If contam nated solid or |iquid has been swal | owed, contact
t he poison control center. Obtain nedical attention
i medi ately.

Provide the energency nedical facilities established for the site with a copy

of the SSHP
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(4) In the event of an enmergency situation requiring evacuation of
field personnel working within an exclusion zone, the follow ng
procedures shoul d be foll owed:

(a) The SSHO shoul d evacuate all personnel using a prearranged
ai r-horn signal

(b) Personnel |eaving exclusion zones should exit through the
contam nation reduction zone unless that brings them closer
to the hazard. They will decontam nate as planned unl ess
t he del ay woul d pose an unreasonable risk to their safety.

(c) The SSHP identifies a signal for site evacuation. Equi pnent
necessary to give that signal nmust be onsite. Practice a
stream i ned decontam nation procedure to be used in the
event of an evacuation. Practice evacuation procedures.

(5) In the event of an explosion or fire at the site, the SSHO w ||
take the foll owi ng m ni mum acti ons:

(a) Evacuate all unnecessary personnel to a prearranged
reassenbly point (the safe refuge point).

(b) Request energency response assistance fromthe fire
department and from hospitals, poison control centers, etc.

(c) Notify the appropriate personnel
7-13. Enmergency Response and Contingency Procedures (Onsite and Offsite).

The contractor SSHP shall contain an energency response plan in conpliance
with 29 CFR 1926. 65(p), which addresses the follow ng el erents, as a m ni mum

-  Pre-enmergency planning and procedures for reporting incidents to
appropriate government agencies for potential chenical exposures,
personal injuries, fires/explosions, environnental spills and
rel eases, discovery of radioactive materials.

- Personnel roles, lines of authority and comuni cati ons.

- Posted instructions and a list of energency contacts: physician
nearby medical facility, fire and police departnents, anbul ance
service, federal/state/local environmental agencies, ClH CSP
Contracting O ficer.

- Energency recognition and prevention

- Site topography, layout, and prevailing weather conditions.
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- Criteria and procedures for site evacuation including emergency
al erting procedures/enpl oyee al arm system emergency PPE and
equi prent, safe distances, places of refuge, evacuation routes, site
security and control

- Specific procedures for decontamni nati on and nmedi cal treatnment of
i njured personnel

- Route maps to nearest pre-notified nedical facility.

- Criteria for initiating community alert program contacts, and
responsibilities.

- Critique of energency responses and fol |l ow up.

7-14. Qccupational Safety and Health Hazards Associated Wth Tank Renoval
Processes. Workers should be aware of appropriate health precautions. Wen
hi gh concentrations of petrol eum hydrocarbon vapors are inhal ed, synptons of

i ntoxication, ranging fromsinple dizziness to excitement or unconsci ousness,
may result, and are sinmilar to those produced by al cohol or anesthetic gases.
I f such effects occur, nove the individual to fresh air. For mnor effects of
exposure, breathing fresh air or oxygen results in rapid recovery. |If
breat hi ng has stopped, apply artificial respiration pronptly, and obtain

nmedi cal attention as soon as possible.

Subpar agraphs b. and c. bel ow contain special toxicity considerations for
benzene and tetraethyl |ead, which may be present in petrol eum products or
wast es found in underground storage tanks. Exercise care to mnimze exposure
to these substances during the handling of underground petrol eum storage

t anks.

a. Precautions. Tests have shown that prol onged or repeated exposure to
some petrol eum substances, in liquid or vapor form nmay cause serious
illness, including cancer, in |laboratory animals. Although the
significance of these test results to human health is not fully
under st ood, exposure to petrol eum substances shoul d be ni nim zed.

The followi ng health precauti ons are suggested:

(1) Avoid skin contact and inhal ation of vapors.

(2) Keep petroleumliquids away from eyes, skin, and mouth; they can
be harnful or fatal if inhaled, absorbed through the skin, or
i ngest ed.

(3) Use soap and water or waterless hand cl eaner to renobve any

petrol eum product that contacts skin. Do not use gasoline or
simlar solvents to renpve oil and grease from skin.
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(4) Pronptly wash petrol eum soaked cl ot hes and avoi d usi ng soaked
| eat her goods. Properly dispose of rags.

(5) Keep work areas clean and well-ventil ated.
(6) Clean up spills pronptly.
Benzene.

(1) High occupational exposures to benzene have been associated with
vari ous human bl ood di sorders, including an increased risk of
| eukemi a. Very high | evels have al so been known to affect the
central nervous system Benzene adm nistered by nmouth has
i nduced cancer in |aboratory animals in long-termtests.
Benzene is rapidly absorbed through the skin.

(2) The OSHA inposes limts on occupational exposure. See 29 CFR
1926. 1128.

Tetraethyl Lead. This organic formof |ead can cause di seases of the
central and peripheral nervous systens, the kidney, and the bl ood.
Skin absorption of this conmpound is a nmajor route of entry into the
body. The ACG H time-wei ghted average is 0.1 milligrams per cubic
meter for general roomair. The perm ssible exposure |level (PEL) in
OSHA' s Cccupational Safety and Health Standards (29 CFR 1910. 1000,
Table Z-1) is 0.075 mlligrams per cubic neter.

Flammabi l ity and Conmbustibility Considerations.

(1) Flanmabl e or conmbustible vapors are likely to be present in the
work area. The concentration of vapors in the tank, the
excavation, or the work area may reach the flammabl e (expl osive)
range before venting is conpleted and a safe atnosphere is
reached. Therefore, precautions rmust be taken to:

(a) Elimnate all potential sources of ignition fromthe area
(for exanple, snoking materials, nonexpl osion-proof
el ectrical and internal conmbustion equipnent).

(b) Prevent the discharge of static electricity during venting
of flammbl e vapors.

(c) Prevent the accunul ation of vapors at ground |level. Refer
to Anerican PetroleumInstitute (API) Publication 2015 and
Recommended Practice 2003 for general precautionary neasures
to follow during tank sanpling, product renoval, vapor
purgi ng, inerting, excavating, and tank decontani nation.
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(2) A CAE should be used to check for hazardous vapor concentrations
(see Chapter 10, Conbustible Gas Monitoring Procedures). Al
open-fl ame and spark-produci ng equi pnent wi thin the vapor hazard
area should be shut down. Electrical equipnent (for exanple,
punps and portabl e hand tools) used in the area nust be
expl osi on-proof in accordance with NFPA 70B Class |, Division |
Group D or otherw se approved for use in potentially explosive
at nospher es.

Tank Safety and Health Work Practices and Procedures. Task-specific
safety and health practices and procedures should be foll owed during
the project in conformance with OSHA, USACE, and ot her applicable

st andards such as APl Publications and Practices, and the foll ow ng
consi derations:

(1) Tank Contents Sanpling. Personnel acconplishing this activity
will initially wear Level D PPE as a mi ni mum

(2) Transfer of Materials out of Storage Tank(s). Use the follow ng
gui delines for material renoval:

(a) Wear, mnimally, Mdified Level D PPE if you are engaged in
material transfer activities or are within 7.5 neters (25
feet).

(b) Renove liquids and residues fromthe tank(s) follow ng the
procedures outlined in Chapter 12 titled Product Renoval
Procedures using expl osion-proof or air-driven punps.

(c¢) Gound and bond all punps, notors, and hoses to prevent
el ectrostatic-ignition hazards.

(d) It my be necessary to use a hand punp to renove the | ast
fewmnmllineters of liquid fromthe bottom of the tanks.

(e) If a vacuumtruck is used for renoval of |iquids or
resi dues, the area of operation for the vacuumtruck nust be
vapor-free. Locate the truck upwind fromthe tank and
out side the path of probable vapor travel. APl Publication
2219 and these guidelines will govern the vacuum truck
operation and safety practices.

(f) Collect tank residues in drums, tanks, or tank trucks

| abel ed according to DOT Standard 49 CFR Part 171 and Parts
1 and 2 and then dispose of them properly (Chapter 14).
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(3) Inerting Procedures. Followi ng the renmoval of the tank's
contents BUT PRI OR TO EXCAVATI ON OF THE TANKS AND TANK
PREPARATI ON ACTIVITIES, insert the tanks in accordance with the
tank inerting procedures presented in Chapter 13 of this manual.
If dry ice is used, it should be introduced in the anpbunt of at
| east 1.36 Kg (3 pounds) per 378 liters (100 gallons) of tank
capacity. Skin contact with dry ice nmust be prevented by
weari ng heavy cloth gloves. Inerting nust be sufficient to
| ower the oxygen content to |less than or equal to 8 percent.
The contractor must confirmthat the oxygen content of the tank
is less than 8 percent before proceeding with additiona
activities on the tank (e.g., excavation).

(4) Excavating. Initially Level D PPE will be required for al
personnel involved in tank excavation or within 15 nmeters (50
feet) of such operations. Mdified Level D PPE will be used by
personnel who may conme into contact with the tank's contents or
material s/soils that are contaninated with the tank's contents.
Excavation of the tank including tank preparation, renoval,
decont ami nation, denolition, and di sposal should be in
accordance with the guidelines listed in Chapter 13 of this
manual .

(5) Decontam nation of Tank Interior. Use APl Publication 2015 to
govern safety practices and procedures for the cleaning of the
tanks. At a mininum Mdified Level D PPE should be used by
personnel conducting decontam nati on operations.

gs. Reports, and Recordkeeping. Develop, maintain, and submt the

7-15. Lo
foll owi ng
wor k.
a.
b
C.

| ogs, reports, and records to the COR at the conclusion of the site

Safety I nspection Reports.

(1) Daily Safety Checklist. Conduct job-site safety inspections on
a daily basis by the SSHO

(2) Weekly Safety Report. The SSHO should subnit a cunulative daily
safety checklist to the CIH CSP for the precedi ng week. The
SSHO shoul d prepare a short cover nmenorandum descri bi ng any
probl enms and/ or deficiencies and how they were corrected.

Injury/lllness/Accident Reports. Injuries, illnesses, and accidents
i nvol vi ng enpl oyees and subcontractors will be reported to the USACE
usi ng ENG FORM 3394.

Medi cal , Respirator Fit Test, and Training Certifications.
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(1) Medical, respirator fit test, and training certifications for
USACE enpl oyees who work on the site should appear in Appendix A
of the SSHP.

(2) If additional enployees work on the site, their certifications
shoul d be forwarded to the USACE by the Cl H CSP.

(3) Medical, respirator fit test, and training certifications for
subcontractors should be forwarded to the USACE by the Cl H CSP
as they are contracted to work on the site.

Training Logs. Document site-specific training, including
subcontractor, "tool box," and visitor training.

Moni toring Results. Document direct reading instrument (DRI)
nonitoring results in the | ogbook.

Visitor's Log. An enployee, subcontractor, and visitor |og should be
mai nt ai ned by the SSHO

Phase Qut Reports. Upon conpletion of the project, the Cl H CSP
shoul d prepare a phase-out report to include:

(1) Summary of air nonitoring data.
(2) Decontam nation certification.
(3) Summary of accidents/injuries/illnesses.

(4) O her appropriate information.
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CHAPTER 8
SAMPLI NG AND ANALYSI S PLAN REQUI REMENTS

8-1. Ceneral. Read this chapter for preparation guidelines for the Sanpling
and Analysis Plan (SAP). The SAP includes a Field Sanmpling Plan (FSP) and
Qual ity Assurance Project Plan (QAPP). The FSP describes field activities,
and the QAPP describes the |aboratory-related activities of analysis,

| aboratory quality control and reporting. See EM 200-1-2 and EM 200-1-3 for
addi ti onal gui dance.

Plan requirements apply to all projects whether at active installations,
through the Installation Restoration Program (I RP), Fornerly Used Defense
Sites (FUDS), or at Civil Wrks facilities. The plan’s objective is to assure
quality data in order to classify an UST as one that has not produced chenica
contam nation allow ng renoval by the local district or, as an UST that has
caused soil or groundwater chem cal contami nation requiring further

eval uation3 or renediation.

8-2. Plan Contents. The SAP nust include the followi ng itens:

a. Title Page. The title page must contain the project name, project
| ocation, contract nunber, phase, date, and contractor's nane and
address, if applicable.

b. Table of Contents.

c. Project Description. The scope of work and rel evant background
material, as applied to the collection of chem cal data, nust be
briefly described. Any description of toxic or hazardous substances
that may be encountered at the site should be included, if known. In
addition, a brief description of the site conditions, such as geol ogy
and surface water, should be included.

d. Chemical Data Quality Objectives. Briefly describe the |evel and
extent of chemical data required to support decisions during the
project. EM 200-1-2 has gui dance concerning preparati on of Data
Quality njectives. The data nust provide a basis for decision
maki ng related to the tank, its contents, and any releases to the
environnent. The data nust allow decisions to be nmade regarding
future site renediation, determinati on of whether contamination is a
result of Department of Defense (DOD) activities, and determ nation
of disposal nethods for all wastes generated onsite. Finally, the
results nmust be deternmined in a manner that conplies with al
applicable federal, state, and | ocal regulations governing USTs.

e. Project Organization and Functional Area Responsibility. The
followi ng functions must be fulfilled. In smaller projects, one
person may have multiple responsibilities.
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(1) Contracting Oficer's Representative (COR) represents the USACE
and serves as |iai son between the USACE and the contractor

(2) Contractor's Project Manager reviews and approves field
operations procedures, assures that these procedures neet
quality control (QC) objectives, and provides technical insight.

(3) Contractor's Field Sanpling Supervisor is responsible for the
managenment of the field sanpling team during onsite activities.

(4) Field Technician/Project Chenist is responsible for collecting,
packagi ng, and shi ppi ng sanpl es.

(5) QC_Program Manager is responsible for maintaining all aspects of
QC during field operations.

(6) Site Safety and Health Oficer (SSHO is responsible for the
safety of all site personnel and for ensuring that all field
operations are in conpliance with the Site Safety and Health
Pl an (See Chapter 7).

f. Field Activities. Include discussion of the proposed field
activities in the SAP document, along with the follow ng information,
as applicabl e:

« List of field equipment, containers, and supplies.
» Sanpling | ocations.

e Sanpling procedures.

« Field screening.

e Quality control sanples.

e (Quality assurance sanples.

 Sanpl e docurentati on.

e Spill reporting requirenents.
g. Chain-of-Custody and Transportation. Include discussion of the
docunent ati on and shi ppi ng requi rements. See paragraph 8-3 bel ow for
details.

h. Laboratory Activities. Discuss the |aboratory procedures and nethods
followed in the SAP. See Paragraph 8-4 for details.

8-3. Sanpl e Packagi ng. Shipping, and Chai n-of - Custody. The USACE furni shes
det ai | ed gui dance regardi ng sanple handling in Sanple Docunentation and

Shi pnent I nstructions (Appendix F of EM 200-1-3). It nust be provided by the
COR  Follow this protocol explicitly with the exception of those details in
whi ch the protocol disagrees with nore stringent state or |ocal regul ations.
The fundanental details of sanple handling as they pertain to UST actions are
summari zed in this section.
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Low-, Medium, and Hi gh-Concentration Sanmples. All nonaqueous
sampl es taken fromthe tank contents nust be considered as high-
concentration sanples and handl ed accordingly. Al aqueous sanples
exhi biting evi dence of contani nation (appearance, odor, OVA results)
nmust be treated as medi um concentration sanples. All other
nonaqueous and aqueous sanples should be considered as | ow
concentration sanples unless there is reason to believe otherw se.

Recei pt for Sanples. The current site owner, operator, or agent-in-
charge is legally entitled to the foll ow ng:

(1) A receipt describing the sanples obtained fromthe site.

(2) A portion of each sanple equal in weight or volume to the
portion retained, (i.e. split sanple) if requested. |If the
sampl es are refused, refusal should be noted on the receipt for
sampl es. The sanples should then be di sposed as investigation-
derived waste.

Sanpl e Labeling. Each sanple bottle nust be |labeled. Wite the
sampl e nunber on the can Iid. The |abel must not soak off or becone
illegible if exposed to water for the time it takes to ship the
sanmples to the | aboratory. Use indelible ink to mark the | abels.
Include the follow ng on each | abel

e Date.

e Time of collection.

e Site nane.

e A brief description of the sanple.

» Type of sample (grab, conposite).

e Preservatives used.

 Anal yses required.

e Sanpl e nunber as assigned in the field.
e Sanmpler's signature.

See Figure 8.1 for appropriate |abel or tag formats. Create |oca
forms that neet your specific needs.

Speci al considerati on nust be given to DOT | abeling requirenents for
any sanpl e suspected to exhibit a DOT hazard class. For exanple,
nitric acid containing mxtures exhibiting a DOT corrosive
characteristic at the packing group | or Il level are required to be
| abeled with a “cargo aircraft only” |abel as well as a “corrosive”

| abel .

Sanpl e Packagi ng. Proper sanpl e packagi ng assures that sanples wll
arrive at the laboratories in acceptable condition and that sanple
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Desi gnat e Preservative:

Conp. | G ab Yes No

ANALYSI S

Ti me BOD Ani ons
Sol i ds
(TSS) (TDS) ( SS)

Mont h Day Year COD TOC Nutrients
Phenol i cs

| Sanpl er (Signature) Mer cury

Met al s
Cyani de

Ol & Gease

Proj ect Code Or gani cs GCC/ Ms
Station Code

Station
Locati on

Priority
Pol | ut ant s

Vol atil e Organics

Pesti ci des

Mut agenicity

Bact eri ol ogy

Remar ks:

Tag No. Lab Sanpl e No.

FI GURE 8-1. EXAMPLE OF SAMPLE TAG OR LABEL

validity and integrity have not been conpronised. This section
provi des gui delines for sanple packaging activities. G ve speci al



EM 1110- 1- 4006
30 SEP 1998

consi deration to DOT packagi ng requirenents for sanples exhibiting or
suspected to exhibit a DOT hazard cl ass.

(1) Tape all sample bottles shut with strapping tape. The only
exception to this rule applies to sanples for volatile organic
analysis. The string fromthe nunbered tag, if used, should be
secured around the lid. Mark the level of all liquid sanples on the
bottle with a grease pencil to provide a reference |evel t hat

could be used to identify a | eaking container

(2) Place each bottle in a clear plastic bag (Ziploc® or
equi val ent) through which the sanple tag and | abel are visible
and seal the bags.

(3) Ship sanmples of medium and hi gh-concentration wastes in neta
cans inside the cooler. Mre than one bottle nay be placed in
each can as long as they do not touch one anot her

For packages containing materials suspected to neet a DOT
hazard cl ass, the package (bottle, can, and cool er) nust neet
DOT performance-oriented packagi ng requirenents for conbination
packagi ng (or nmust nmeet conditions for an applicable linmted
quantity exception). Also, to conply with DOT regul ati ons

(unl ess specifically excepted by regul ation) mark outer
packages with “This Side Up” (along with an orientation arrow);
t he DOT proper shipping name and hazard class for the materia
such as "Flammable Liquid N.O. S. UN 1993" or "Corrosive Liquid
N.O.S. UN 1760;" and the shipper’'s or consignees’s name and
address.

Pl ace an appropriate hazard class |abel and a “cargo aircraft
only” label, if applicable, on the package.

Refer to EM 200-1-3, Appendi x F, Sanple Docunentation and
Shi pnent Instructions for further details regarding the
shi ppi ng of high-concentration sanples.

(4) Place the sanples in steel or reinforced plastic coolers for
shipnent to the | aboratories. Line coolers with about 75 nm (3
i nches) of cushioning material (only 25 mm (1 inch) under cans)
such as Styrofoam peanuts. Place the sanple bottles, contained
in plastic bags, in such a fashion that they will not touch
during shiprment. Cover sanple bottles with additional packing
material to at |east halfway up. Place sealed bags of ice (or
ice substitute) near, but not touching, the sanples. Ice
shoul d al so be placed above the sanpl es.
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(5)

(6)

Bef ore closing the cooler, place a chain-of-custody record (see
Figure 8-2 for exanple format) in a waterproof plastic bag and
tape it to the inside of the cooler lid. Create local forns
that nmeet your specific needs. Appropriate additiona
docunent ati on may be sent along with the chai n-of -custody forns
to the | aboratory. Chain-of-custody procedures are discussed
in detail later in the chapter

Shut the cooler and secure it by wrapping strapping tape
conpletely around the cooler at a mninumof two |ocations.
Tape the drain shut.

e. Sanpl e Shi ppi ng.

(1)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

Attach shipping |abels to the top of the cool er

Nunber and sign custody seals and affix on the front right and
back left of cooler. Cover custody seals with w de, clear
t ape.

Affix labels "This Side Up" (with appropriate arrow) on al
four sides and "Fragile" labels on at |east two sides.

Pl ace the proper shipping nane and identification nunber (i.e.
“"Fl ammabl e Liquid N.O S., UN 1993") on all sides of the cooler
as appropriate.

Inform the shipper of the nature of the contents to determ ne
appl i cabl e DOT requirements. Conpl ete hazardous nmateria

shi ppi ng docunents, also known as bill of |adings, for al

shi pnents of medi um and hi gh concentration sanples.

If the sanples are shipped using a limted quantity exception

indicate on the bill of lading (i.e., “Ltd Qy” or “limted
quantity”).
The shi pper must ensure that the sanples will arrive at the

| aboratory by the next day.

Include additional information with sanple shipments utilizing
t he RCRA sanple exclusion, in 40 CFR 261.4(d) or equival ent
state regulation. This would apply, for exanple, to ignitable
wast e sanples. The follow ng nmust acconpany the sample: (1)
the sanple collector’s nanme, address, and tel ephone nunber; (2)
the I ab’s name, address and tel ephone nunber; (3) the quantity
of the sanple; (4) the date of shipnment; and (5) a description
of the sanple.

8-6



EM 1110- 1- 4006
30 SEP 98

(9) Consider maxi mum wei ght restrictions applicable to sone
shi ppers when filling cool ers.

(10) It is acceptable for personnel fromthe contractor's sanpling
team or fromthe analytical |aboratory to transport sanples
fromthe field to the analytical |aboratory as long as the
delivery time is conparable to that available fromcomercia
carriers. |If this option is exercised, the SAP rmust explain in
sufficient detail how and when sanple custody will be
transferred.

(11) QA sanples nust be shipped by a commercial carrier that
provi des overni ght delivery fromthe field to the QA | aboratory
or delivered personally.

(12) The field sanpling supervisor nust notify (by tel ephone) the
sampl e custodi ans at the contractor’s anal ytical |aboratory and
the QA | aboratory of the intended sanple arrival tine. Mke
this notification |least 2 working days in advance of delivery.
Avoi d weekend deliveries unl ess prearranged.

(13) For nore information on regul ati ons regardi ng shi ppi ng of
hazardous materials, refer to Title 49, Subchapter C, of the
Code of Federal Regul ations.

Chai n-of - Custody. A custody formis used to track sanples fromthe
field to the laboratory and through the course of the analytica
wor k.

(1) Chain-of-custody is initiated in the field when sanples are
first placed in coolers for shipping. The custody fornms are
filled out by the contractor's sanpling team Custody is
mai nt ai ned during shipping with the custody seal. The chai n-of -
custody is continued in the | aboratory fromthe tinme of sanple
receipt to the tinme the sanple is discarded.

(2) List only one site per custody form |If the contractor is
sampling at two or nore different UST sites, each site nust be
tracked with an i ndependent custody form Ship the origina
with the sanples and keep a copy for the sanpling contractor's
files.

(3) In the laboratory, a record of sanple custody is maintained as
fol | ows:
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Chain of Custody (COC) Record

Chai n of Custody No.

Project No./Title

Anal yses

Proj ect Point of
Cont act

Phone
Number

Scope of Work Docunent(s):

Dat e Ti me Sanmpl e ldentification # of Mat ri x Coment s
Bottl es

Sanpl es Yes (M No

Preserved?

Dat e Tine Rel i nqui shed by Dat e Tine Recei ved by

Dat e Tine Rel i nqui shed by Dat e Tine Recei ved by

Dat e Tine Rel i nqui shed by Dat e Tine Recei ved by

FI GURE 8. 2. Exanpl e Chai n-of - Cust ody Record

86 d3IS 0¢€
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(a) Al incomng sanples are received by a sanple custodi an who
shal | indicate receipt by signing the acconmpanyi ng custody

forms. The sanple custodian files these forms with the
project file as a permanent record.

(b) The Il aboratory manager is notified of receipt of sanples
and notifies the various analytical groups of the required
anal ytical work. Individuals fromeach anal ytical group
mai ntai n the chai n-of - cust ody whil e checki ng out sanpl es,
perform ng the extractions and anal yses, and returning the
sampl es to the sanpl e custodi an.

(4) See Figure 8-2 for an exanple format of a chai n-of - cust ody
record. Create local forms that neet your specific needs; be
sure to include the nane and | ocation of the conpany or
| aboratory.

8-4. Sanple Analysis and Data Reporting. Describe planned sanple analysis
activities in the SAP. Include required anal yses, nethods, the analytica
| aboratory sel ected, and the vague particulars of data reporting.

This section provides general requirenents regardi ng approved mnet hods, data
reporting, and |aboratory validation. The contractor is bound to follow al
site-specific requirements as set forth in the Scope of Wrk (SON and shoul d
use this section only as a guide to fill in details not explicitly stated in
the SOW

a. Methods for Sanple Analysis. Performall sanple anal yses of water
or soils using standard EPA nethods as listed in Tables 8-1 and 8-
2. Al procedures specified nmust be foll owed exactly with no
devi ations unl ess nodifications are specifically authorized by the
desi gnated project QA laboratory. Al method QC requirenents will
be followed explicitly. The running of QC duplicates, spike
sampl es, and net hod bl anks nust be in accordance with the
| aboratory QA QC plan as set forth in the Laboratory Quality
Managenment Manual (LQW), or at |least the rate specified in the
method. At a mininum this rate will be 1 in 20, but at least 1
per batch. The |aboratory is required to report internal QC data
(i nstrument bl anks, method bl anks, spike matrix recoveries, and
internal duplicates, etc.) for a mnimmof 5 percent of the
proj ect sanples.

The USACE encourages the use of their sanples for internal QC
checks (matrix spike recovery or internal duplicate). |f a USACE
sample is selected for an internal QC check for a batch that
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TABLE 8-1 METHODS FOR DETERM NATI ON OF METALS
(RCRA and Priority Pollutants) by Atomi c Absorption and |Inductively Coupl ed
Pl asma
Di gestion and Anal ysis Met hod*
Met al Techni que? Soi | / Sedi nent G oundwat er ? Sur face Water?
Arsenic (As) GF 3050/ 7060 I nc® 7060 206. 2
H I nc® 7061 I nc® 7061 206. 3
Bari um (Ba) DA 3050/ 7080 3005/ 7080 208. 2
GF - - 208. 2
| CP 3050/ 6010 3005/ 6010 200. 7
Cadmi um ( Cd) DA 3050/ 7130 3005/ 7130 213.1
GF 3050/ 7131 3020/ 7131 213.2
| CP 3050/ 6010 3005/ 6010 200. 7
Chrom um (Cr) DA 3050/ 7190 3005/ 7190 218.1
GF 3050/ 7191 3020/ 7191 218.2
| CP 3050/ 6010 3005/ 6010 200. 7
Iron (Fe) DA 3050/ 7380 3005/ 7380 236.1
GF - - 236. 2
| CP 3050/ 6010 3005/ 6010 200. 7
Lead (Pb) DA 3050/ 7420 3005/ 7420 239.1
GF 3050/ 7421 3020/ 7421 239.2
| CP 3050/ 6010 3005/ 6010 200. 7
Manganese (M) DA 3050/ 7460 3050/ 7460 243.1
GF - - 243.2
| CP 3050/ 6010 3050/ 6010 200.7
Mercury (Hg) CcVv I ncd/ 7471 I nc3/ 7470 245.1
Sel eni um ( Se) 3050/ 7740 I nc3/ 7740 270. 2
H I ncd/ 7741 I ncd/ 7741 270. 3
Silver (Ag) DA I nc¥ 7760 I nc¥ 7760 272.1
GF - - 272.2
| CP 3050/ 6010 3005/ 6010 200. 7
Sodi um (Na) DA 3050/ 7770 3005/ 7770 273.1
GF - - 273.2
| CP 3050/ 6010 3005/ 6010 200. 7
NOTES:

‘Abbr evi at i ons:

Pl asma

CV = Col d Vapor;

DA = Direct Aspiration;

2(a) Any water sanple may be anal yzed by SW846 nethods.

Surface water and other water sanples (drinking,

series nethods.

(b) O her extraction procedures may be appropriate instead of those |isted.

GF = Graphite

Fur nace;

H = Hydride; ICP = Inductively Coupl ed

Groundwat er sanpl es nust be anal yzed by the SW 846 nethods.

silo, leachate, etc.) may be anal yzed by the 200-series or the SW846

Met hods 3010 (for flane and I CP) and 3020 (for

graphite furnace) are used as extraction procedures for Total Metals and are used in EP TOX or TCLP extractions.

Met hod 3040 is used to extract netals fromoily wastes (greases,

waxes, etc.).

(c) Al 200 series nmethods are from EPA 600/ 4-79-020 (1983) Methods for Chemical Analysis of Water and Wastes; all other

net hods are from SW846 (1986),

*Met hod- speci fic extraction procedure is incorporated into nethod.

Test Methods for Evaluation of Solid Waste (including all promul gated updates).

For arsenic this involves digestion by 3050 followed by

additional digestion in the nethod. For silver, digestion by 3050 is used with nodification: approxinately twi ce as nuch
HC is used. “Latest pronul gated versions of referenced methods shoul d be used.

8
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TABLE 8-2 METHODS FOR DETERM NATI ON OF NONMETALLI C ANALYTES
Part 1. Organic Anal ytes®
Extraction and Anal ysi s Met hods

Organi ¢ Anal ytes Techni que? Soi | / Sedi ment Gr oundwat er 2 Surface Water?
Hal ogenat ed GC 5030/ 8021 5030/ 8021° 6013

Vol atil e Organics
Aromatic Vol atile GC 5030/ 8021 5030/ 8021° 6023

Organi cs (or BTEX)
PCBs GC 3540/ 8082 3510/ 8082 608

3550/ 8082 3520/ 8082
Vol atil e Organics GC/ M5 I nc*/ 8260 I nc*/ 8260 624
Part 2. M scell aneous Anal ytes®
Preparati on and Anal ysis Met hods
M sc. Anal ytes Techni que? Soi | / Sedi ment Gr oundwat er ? Surface Water?

TRPH I R 9071/ 418. 15 418.1 418.1
Fuel Constituents GC Modi fi ed EPA Met hod 8015
Ignitability 1010 or 1020
Corrosivity 9045 | 9040/ 1110 9040/ 1110
Reactivity (Sections 7.3.3 and 7.3.4 of SW846)
EP Toxicity-Metals 13106 | 13106
TCLP- Metal s Federal Register®?
oH 9045 | 9040
NOTES:

lAbbreviations: DA = Direct Aspiration; GC = Gas Chronatograph; GO M5 = Gas Chromat ogr aph/ Mass Spectroscopy; IR = Infrared

Spectroscopy.

2(a) Any water sanple may be anal yzed by SW846 nethods. G oundwater sanples nust be anal yzed by the SW846 methods. Surface
wat er and other water sanples (drinking, silo, |leachate, etc.) may be anal yzed by the 200-series or the SW846 series
net hods.

(b) Al 300-600 series nethods are from EPA 600/ 4-79-020 (1983) Methods for Chemical Analysis of Water and Wastes; all other
net hods are from SW846 (1986), Test Methods for Evaluation of Solid Waste (including all pronul gated updates).

*Direct injection may be used for high concentrations of contanminants in water. It is preferable to use Method 8260. |f Method
8015, 8021, 601, or 602 is used, it is necessary to confirmresults with a dual-colum injection or a validation by GC/ M5.

“Met hod- specific extraction procedure is incorporated into nethod.

5Sone states require specific nmethods other than those cited here for the determination of petrol eum hydrocarbons. In these
cases, the state-required nmethods should be used. If the cited nethod for Total Recoverable Petrol eum Hydrocarbons is used,
follow extraction through Step 7.11 and then dilute with Freon-113 to 100 ni.

SExtraction procedure only. Analysis (Table 8-1) nust follow

"Federal Register March 29, 1990 (SW846, 3rd Ed. 1311). TCLP |eachates are anal yzed by one or nore of the follow ng nethods:
6010, 7060, 7470 and 7740. Scope nust specify which analyses are to be performed on TCLP | eachate extracts.

- Internal Quality Control: The nunber and types of internal QC checks shall be defined clearly in the SAP. The USACE
requirenents are basically the sane as those given in the EPA nethod. The only significant difference is that the USACE
encourages (Section 5.1) that its sanples be treated as an independent set so that all applicable QC checks are applied to
the set of USACE sanpl es even though the USACE sanple size may be snall. A list of all applicable checks nust be
enunerated in the SONVand SAP in order to assure the USACE that the analytical |aboratory is aware of these requirenents
for internal QC checks. These include:

- Limts of data acceptability and corrective action to be taken when these linmts are exceeded nust be descri bed.

- Corrective Action: The feedback systemin place to deal with problens identified by these internal QC checks nust be
described. Personnel responsible for executing this corrective action nust be identified.

- The nethods for determ ning precision, accuracy, and instrunent sensitivity (detection and quantitation linits) nust be
descri bed.

- Procedures for calibration and the frequency of calibration checks for |aboratory instrunentation shall be described.

8Latest pronul gated versions of referenced nethods shoul d be used.
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contai ns sanples fromanother client, the USACE requests a copy of the
results obtained.

The detection limts stated in the SOV (or by the nominal val ues given
for each nethod) nust be met by the contractor's l|laboratory. All sanples
nmust be extracted (or digested) and analyzed within the specific hol ding
times specified by each nethod. All analyses must be performed by the
desi gnated | aboratory (or |aboratories) and may not be subcontracted.

b. QA and QC Frequency. Normally for nost smaller USTs, the nunber of
QN QC field check sanples is limted to the foll ow ng:

(1) For the tank water sanples: Collect one sanple in triplicate.
One sanple set may be collected for rinsate verification and sent
to the contractor's | aboratory and QA | aboratory. Provide one
pair of trip blanks for each cool er that contains aqueous sanples
for VOA

(2) For the high-concentration organic sanples and sl udge sanpl es:
Col l ect one sanmple in triplicate.

c. Data Reporting. The USACE requirements for reporting the analytica
data were established to effectively report analytical results al ong
with the appropriate QC informati on needed to assess reliability.

These requirenments are based on sinplified contract |aboratory program
(CLP) or EPA SW 846 or other performance-based nethods deliverables
package. See EM 200-1-3 and EM 200-1-6 for general information.

(1) Ceneral Requirements. The contractor and the analytica
| aboratory must concur on how certain data reporting requirenents
are to be handl ed. Details describing each of the followi ng data
reporting requirements nust be given in the SAP and approved
prior to the start of work.

(a) Data computations. All units of expression and equations
required to cal cul ate concentrations or the val ues of
nmeasured paraneters must be provided.

(b) Unusual results. Plans for treating outliers or other
results that appear unusual or questionable.

(c) Loss of control. Plans for treating data and reanal ysis of
sampl es that have been handl ed during periods of |oss of
anal ytical control

(d) Data handling. Description of the data managenent systens:
collection of raw data, data storage and conversion, data
and cal cul ations review, and data quality assurance
document ati on.

8-12



(2)

(3)

(4)

EM 1110- 1- 4006
30 SEP 98

(e) Personnel. Identify all personnel that will be involved in
the data reporting sequence for this specific project.

(f) Precision, Accuracy, and Conpl eteness. Procedures to assess
t hese paranmeters of the analytical data nust be descri bed.
The | aboratory must maintain appropriate control charts.

Sanpl e Description. The |aboratory is asked to supply a brief
physi cal description of the sanple. The follow ng guidelines
shoul d be used.

(a) Water Sanples. Coloration and clarity.

(b) Soil/Sedinment/Sludge Sanples. Coloration, texture, and
artifacts.

(c) Recommended Descriptive Ternmns.

. Col oration: red, orange, yellow, green, blue, violet,
bl ack, grey, brown, white, colorless, etc; dark or
['i ght.

. Clarity: «clear, cloudy, opaque.

e Texture: fine (powdery), medium (sand), coarse (large
crystals or rocks).

Data Qualifications. These synmbols are used to qualify the
anal ytical results, as necessary. They should be used in place
of or adjacent to the appropriate analytical result.

- U = Analyte not detected at the |aboratory reporting limt
- J = Analyte detected bel ow the | aboratory reporting
limt, concentration is estimted
B = Analyte detected in the nmethod bl ank
- NA = Not analyzed
NR = Not reported
- BDL = Analyte not detected at the |aboratory reporting
limt

Internal Quality Control Reporting. The |aboratory should report
the results for the following quality control sanples:

(a) Laboratory Method Bl anks

(b) Surrogate Spi ke Recovery

(c) Matrix Spike Sanples

(d) Lab Duplicates

(e) Lab Control (Blank Spike) Sanples.
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d. Holding Tinmes. Table 8-3 sunmarizes the nmaxi mum hol di ng tines,
preservation requirenents, and bottles (containers) for various anal ytes.
Al of the bottles nust be obtained precleaned from an EPA-approved
supplier. These values are established by the EPA. Exceeding the
maxi mum hol ding tine woul d jeopardize the validity of the analytica
results. During construction, the SONnmay require very short turnaround
times for anal ysis because of the nature of the project phase. The
anal ytical |aboratory selected as a contractor mnmust agree to abi de by
t hese anal ysis turnaround times.

e. Detection and Quantitation Limts. The SOWN may specify required
detection or quantitation linmts based on state and | ocal requirenents

and on a Record of Decision. |If these linmts are not specified, it is to
be assuned that the nominal val ues provided by SW846 or the CLP User's
Gui de appl y.

8-5. Commercial Analytical Laboratory. USACE validation of the project

| aboratory is optional for UST work. The project manager may request

val idation by the HTRW CX or accept state validations at his or her discretion
If the project involves HTRWfactors the project manager shoul d request

val idation by the HTRWCX. The | aboratory validation process takes severa
weeks with the time required depending primarily on how pronptly the | aboratory
responds. The USACE | aboratory validation process for UST projects is
described in a neno from CEMP- RT dated 14 Septenber 1993, titled “Hazardous,
Toxi ¢ & Radi oactive Waste (HTRW - Policy CGuidance on Validation of Comrercia
Anal ytical Chenmistry Laboratories”.

8-6. Governnment Analytical Laboratories. Chenical analyses may be perforned
by USACE | aboratories when sanpling is performed by government personnel

8-7. Quality Assurance Laboratory. The USACE Design District responsible for
the UST action will propose the use of a USACE or other referee |aboratory as
the project's quality assurance |aboratory if QA sanples are to be collected.

8-8. Sanple Nunbering System UST sanples collected under contract with the
USACE nust be numbered using a USACE nunbering system as described bel ow

aaaa- bbbb-cccc

aaaa = Four-character designation of the project nane

bbbb = Four-character designation of the sanpling subsite

cccc = Four-nunber character sequential numerical designation starting
with '0001' for the first sanple and increnenting by one for each
subsequent sanpl e.
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TABLE 8- 3
SUMVARY OF SAMPLE CONTAI NER, PRESERVATI ON, AND MAXI MUM HOLDI NG TI MES

Maxi mum Hol di ng Ti nes

Mat ri x Par anet er? Cont ai ner? Preservation® |Extr a4cti on| Analysis

Wat er Vol atil es 2 X40 mL G lce to 4 °C - 14 d
Septa vials HC to pH<2

Wt er PCBs 2 X1 L% anber G lce to 4 °C 7 d 40 d

Wt er Met al s® 1 X1LP HNO, to pH<2 - 6 no

Wat er TRPH 2X1LG lce to 4 °C - 28 d

HC to pH<2

Soils Vol atil es 2 X4 oz lce to 4 °C - 14 d
(or 2 X 120 nm.) G
Septa |lids

Soi | s/ Sedi nent s PCBs 1 X80z G lce to 4 °C 7 d 40 d

(or 1 X 240 ni)

Soi | s/ Sedi nent s Met al s/ 1 X8 o0z G lce to 4 °C - 6 no®
TRPH (or 1 X 240 nl) (TRPH onl y) (TRPH: 28 d)

Hi gh Concentration Vol atil es 2 X40 mL G lce to 4 °C - 14 d

WAst es Septa vials

Hi gh Concentration PCBs 1 X40 nL G Septa |lce to 4 °C -

Wast es vi al

Pr oduct All 1 X250 mL @ -

NOTES:

lAbbreviation: TRPH = Total Recoverabl e Petrol eum Hydrocar bon.

2Al'l containers nmust have Teflon-lined seals (Teflon-lined septa for VOA vials). G= dass; P =
Hi gh-density pol yethyl ene. Sanples for analysis for volatiles nmust have septa Ilids.

3Sanpl e preservation will be done in the field i mediately upon sanple collection.
“When only one holding tine is given, it inplies total holding tine fromsanpling until analysis.

STriplicate sanple sets are required on at least 5 to 10 percent (but at |east one) sanple so
that the laboratory can performall method QC checks for SW846 nethods.

5Tot al Recoverable Metals for water sanples. Holding time for Hg is 28 days in glass.

Col l ect only one 250 nL sanpl e.
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The foll owi ng abbreviations should be used to designate the nature of each
sanpl e:

TK - Tank

SS - Surface Soil Boring
SW - Surface Water

SL - Sl udge

SB - Subsurface Soil

MAN - Monitoring Wl

SD - Sedi ment

8-9. Sanple Docunentation. Each sanpling team or individual performng a
particul ar sanpling activity is required to record pertinent information in a
bound field | ogbook with prenunbered pages. All entries shall be made with
indelible ink. M stakes nmust be crossed out with a single line, corrected,
initialed, and dated.
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CHAPTER 9
GENERAL EQUI PMENT DECONTAM NATI ON PROCEDURES
9-1. Ceneral. This chapter describes the procedures for the decontam nation

of field equipment potentially contam nated in conjunction with UST renoval .
This process reconmends but does not necessarily dictate the proper
decont ami nation nmethods for any given situation. The contractor will be
responsi bl e for assessing specific situations for the nost appropriate
response. Decontamination is performed as a QA neasure and a safety
precaution. It prevents cross-contam nation anmong sanples and hel ps maintain
a clean working environment for the safety of all field personnel and any

ot hers who may be affected.

Decontam nation is mainly achieved by rinsing with liquids that include

det ergent sol utions, potable water, deionized water, nitric acid, methanol
and hexane. Equipment is allowed to air-dry after being cleaned or is w ped
dry with paper towels. Equipnent can then be reused i mediately. Steam

cl eani ng shoul d be used whenever visible contanination exists and for |arge
machi nery/ vehi cl es. The reader should refer to EM 200-1-3 for additiona

gui dance on decontam nation. Also, guidance may be found in ASTM St andard
Practices D 5088 and D 5608.

9-2. Precautions. It is inmportant to ensure that investigation-derived
wastes are not being generated as a result of decontam nation chem cals.

9-3. Equipnent. Materials used for decontam nation may include but are not
limted to:

- Wash basins (approximately 75 liters [20 gallons]).
- Buckets (10 to 20 liters [3 to 5 gallon]).
- Brushes.

- Squeeze bottl es/spray cans.

- Al conox or equival ent detergent.

- Met hanol

- Ntric acid.

- Hexane.

- Potable water of known quality.

- Deionized water.

- Aluminumfoil.

9-4. (perations, Procedures, and Instructions. Field personnel responsible
for equi pnent decontam nation should be famliar with all safety rules and
regul ati ons, the use of equi pnent and procedures for decontani nation of

equi prent, and the standard practices governi ng equi pment decontamni nati on

a. Operations.

(1) Decontaminate all equipment prior to field use.

9-1



EM 1110- 1- 4006
30 SEP 98

(2) dean the equipnment on the assunption that it is highly
contam nated until enough data are available to allow an
accurate assessnent of the l|evel of contani nation.

(3) Have an adequate supply of rinsing liquids and all materials.
Perform decontam nation in the sane |evel of protective clothing
as sanmpling activities unless a different level of protection is
speci fied by the project nanager.

(4) Collect and hold all decontam nation liquids until they can be
properly disposed. The procedure for full field decontam nation
nmust be foll owed without deviation unless specified by the
proj ect manager.

b. Decontam nation Staging Area. A staging area may be required for
decontani nation of drilling rigs and heavy equi pnent. The staging
area nust be constructed to:

(1) Allow easy access for equipment to nove in and out of the
stagi ng area.

(2) Contain all wash waters and any spray.

(3) Allowcollection of all wash water into 55- gallon drums or
t anks.

(4) Mnimze cross-contam nation.

Typically, a decontam nation area consists of a plastic-lined area that drains
to a sunp where a submersible punp can renpove the decontaninati on water and
deposit it in drunms, tanks, or in the sanitary sewer.

c. Decontanination Steps.

(1) The purpose of the initial decontam nation step is to renove
gross contamination. Renove any solid particles fromthe
equi prent or material by brushing and then rinsing with
avai l abl e potable water. Use only water that is known to be
contani nant-free. Record the source of the water in the field
| ogbook and collect a sanple for analysis if the source has not
been anal yzed. For drilling equi pment, steamcleaning is
necessary.

(2) Wash equi pment with soap or detergent sol ution.

(3) Rinse with potable water by subnerging or spraying.

9-2
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(4) Use an optional rinse with a solvent (nmethanol) to dissolve and
renove sol ubl e organic contam nants. Hexane may be used to
di ssol ve waste lubricating oils, tars, and bunker fuels.

(5) Use an optional rinse with a diluted nitric acid solution to
di ssol ve and renove sol uble inorganic netals.

(6) Rinse thoroughly with distilled water.

(7) Air-dry equipnent or rinse with nanograde nethanol to expedite
dryi ng.

(8) Sanples of drippings fromthe last rinse in Step 6 may be
coll ected and anal yzed to verify and docunent the effectiveness
of the decontam nation procedure. This type of sanple is called
an equi pment/rinsate blank. The results of these anal yses are
not usually avail able for at |east one week after they arrive in
the I aboratory. It is, therefore, inmportant to thoroughly
decontani nate all equi pnent to prevent cross-contanination of
sanmpl es and prevent the detection of contaminants in the rinsate
bl ank.

(9) Allowitemto conpletely air-dry prior to any use. Cover item
if it is not intended for imediate use. Place large itens on a
cl ean sheet of plastic.

(10) Wap the itemin alumnumfoil if it is not going to be used
i mediately. Larger itenms should be wrapped in clean plastic
sheets until they are ready for use.

Post - Oper ati on Procedures-Field.

(1) Decontam nate as much sanpling equi pment as possible and
properly discard expendable itens that cannot be decontani nated.
Proper disposal shall include onsite drunmm ng of |iquids and
solids in approved 55-gallon drunms for tenporary storage prior
to subsequent di sposal

(2) Prepare the rinsate blank sanple and transport it according to
all federal, state, local, and USACE regul ati ons and/or
requirenents.

(3) Store drums of rinse water/solids after decontanmi nation in a
secure area

Post - Operati on Procedures-Ofice.

(1) Inventory equiprment and supplies. Repair or replace all broken
or damaged equi pnment. Repl ace expendable itens. Return

9-3
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equi prent to the equi pnent manager and report incidents of
mal functi on or damage.

(2) Contact the analytical |aboratory to ensure the sanples arrived
safely and that instructions for analyses are clearly
under st ood.

(3) After receiving the results of the |aboratory anal yses, arrange
for the disposal of wastes generated during the investigation.

9-5. Waste Disposal and Recycling.

a. Waste that is generated during equi prent decontanmination will likely
consi st of wastewater. Package wastewater in DOT-approved 55-gall on
contai ners for shipment to a disposal facility.

b. COccasionally, solvents such as hexane are utilized in the
decont anmi nati on process. Hexane decontam nation fluid, which is
ignitable, is ordinarily regul ated as a RCRA hazardous waste; however
opportunities for recycling do exist. Federal regulation allow RCRA
characteristic waste, such as hexane, to be nmixed with used oil and
burned as used oil fuel provided the resultant nmi xture does not exhibit
any RCRA hazardous characteristic. |In other words, hexane containing
decontani nation fluid can be mixed into used oil provided the flashpoint
of the resultant mxture is greater than 60 degrees C (140 degrees F)
and the mxture does not exceed threshold concentrations for TCLP
constituents. This is perm ssible according to federal regulation, but
may be prohibited by individual states. Alternatively, the hexane can
be di sposed of by burning for energy recovery at a permtted RCRA TSDF

c. GCccasionally, methanol is used for decontanination. Mnimze use of
nmet hanol because it is regulated as a |listed hazardous waste.

9-6 Waste Mnim zation During Decontam nation Operations. To prevent the
generation of excessive volunes of decontamination fluids, inplenent an active
waste minimzation policy to circunvent the generation of large quantities of
decontanmination fluid. Activities that could be inplenented to reduce

wast ewat er vol urme include the use of low flow water applicators during
decont am nati on.
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CHAPTER 10

COMVBUSTI BLE GAS MONI TORI NG PROCEDURES

10-1. Ceneral. This chapter describes conmbustible gas indicators (Cds),
their operation, and correct nonitoring procedures.

a. Purpose. Conbustible gas indicators (or explosineters) are used to
determ ne the potential for the conmbustion or explosion of unknown
at nospheres. Conbustible gas nonitoring is performed to deternine
when an expl osi on hazard exists in the UST work environnent. A
typical CG deternines the |evel of organic vapors and gases present
in an atnosphere as a percentage of the | ower explosive limt (LEL)
or the upper explosive limt (UEL) by neasuring the change in
el ectrical resistance in a \Weatstone bridge circuit. A Weatstone
bridge circuit is a four-armbridge circuit used to neasure the
el ectrical resistance of an unknown resistor by conparing it with a
known standard resistance.

b. Units. CAs provide readouts in units of percent LEL, in parts per
mllion (ppm conbustible gases by volune, or both. The nore
expl osive the calibration gas (the lower the LEL), the nore sensitive
the indication of explosivity, resulting in a greater margin of
safety. The operator should be familiar with the LEL concentrations
for specific gases to effectively use instrunments that provide data
only in ppm conbusti bl e gases (by vol une).

c. Calibration. Instrunents can be purchased that are factory-
calibrated for gases |ike butane, pentane, nethane, or petrol eum
vapors, (methane calibration is the nmost common). The LEL of nethane
is 5 percent nethane by volunme in air; therefore, an air mxture
containing 5 percent nethane will be read as 100-percent LEL and is
expl osive. \Wen conbusti bl e gases ot her than nethane are sanpl ed,
the rel ative response of the detector must be considered.

Recal i bration to other gases may be possible (see the manufacturer's
recomendati ons). National Institute of Standards Technol ogy (N ST)
traceabl e calibration gases should be used. The relative sensitivity
of the detector and the differences in LEL for different gases wll
produce varying neter responses. \Wen possible, the gas used for
calibration should be as simlar as possible to the gas that will be
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nmeasured. Calibrate or at |east do zeroing checks under field
condi tions.

10-2. Precautions. During the course of UST activities, workers may be
exposed to petrol eum hydrocarbon |iquids, vapors, and possibly other hazardous
wast es. Personnel involved in conbustible gas nonitoring should be famliar
with the potential hazards and appropriate safety and health nmeasures. This

i s acconplished by reading the SSHP, consulting with the project nanager, and
observi ng good safety practices.

Al'l anal yzers and testing equipnent used in |locations that may have flamrabl e
at nospheres nust be approved, per NFPA 70, for the hazardous |ocation (by
Class and Division) and the hazardous substance (by Group) in that |ocation
It is inmportant that manufacturers' reconmendations be followed, including
cal i bration procedures.

10-3. Operations, Procedures, and Instructions. Site personnel responsible
for conbustible gas nmonitoring should be fanmiliar with all safety rules and
regul ations as detailed in the SSHP and the use of equi pment and procedures
for nonitoring conbustible gas.

a. Instrunent Requirenments. Guidelines for instrunment use include the
fol | owi ng:

(1) Use only those instrunents that are certified safe for use in
at nospheres containi ng vapors or gases in concentrations greater
than 25 percent of the LEL. Sonme are not certified safe for
operation in the atnospheres they can detect. The instrunent
manuf acturer's operating manual should be consulted to determ ne
safety certification in specific atnospheres.

(2) CGEs do not indicate if a given atnosphere contains hazardous or
t oxi ¢ compounds nor do they indicate whether an atnosphere is
oxygen defi ci ent.

(3) Do not use the CE in atnmospheres containing silicanes,
silicones, or other conpounds containing silicon because these
subst ances seriously inpair the instrunent response.

(4) If the detector has a platinumfilament, its sensitivity may be
reduced by exposure to gases |like | eaded gasoline vapors
(tetraethyl lead), sulfur conpounds (mercaptans and hydrogen
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sul fide), and sul fide conpounds. An inhibitor filament that

will nullify the effect of | eaded gasoline vapors is avail able
on some comercial units. Consult the instrument manufacturer's
operating manual to determine the instrument's ability to
function in | eaded gasoline atnospheres.

(5) Use an oxygen detector in conjunction with a CAd. Select a unit
with this feature and foll ow the operating manual to use the
oxygen detector. This is especially inportant when atnospheres
are nonitored within enclosed spaces or where oxygen-deficient
at nospheres (< 19.5 percent) may exist. A CE mmy give a false
"safe" reading in an oxygen-deficient atnosphere.

(6) Calibarate CA instrunents frequently using a NI ST traceabl e
calibration gas. Unusually high concentrations of sul fur
di oxi de, fluorine, chlorine, bromine, iodine, and oxides of
nitrogen interfere with nmeasurenent. Consult the manufacturer's
operating manual for calibration frequency. Also, frequent

calibration will be necessary if several known organic species
are present. Maximum accuracy requires a recalibration for each
gas.

(7) Do calibration and zeroi ng checks under field conditions.

I nstrunent Preparation. Assenble the equi prment and supplies listed
in Table 10-1. Performa nminiml check of the CG in the office to
ensure that it is functioning properly. Obtain the Cd, its
operating manual, and a supply of N ST traceable gas. Methane is the
factory calibration gas, but other gases may be used for specific
requi renents.

Perform the equi pment checks bel ow.

(1) Make sure the instrument is clean and serviceable, especially
sampl e |ines and detector surfaces.

(2) Check the battery charge level. |If in doubt, charge the battery
as described in the operating nmanual. Sone units have charge-
| evel nmeters, while others have only | ow charge al arns.

(3) Turn the unit to the "on" position and allow the instrunent
sufficient warnmup time.

10-3



EM 1110- 1- 4006

30 SEP 98

(4)

Verify that the sanple punp is operable when the anal yzer is on.
The punp can usually be heard when operating.

TABLE 10-1
COVBUSTI BLE GAS | NDI CATOR (Cdl )
EQUI PMENT AND SUPPLI ES CHECKLI ST

Cd

Battery Charger for CG

Oxygen Sensor

Battery Charger for Oxygen Sensor

Spare Gas-Detector Filanents

Spare Batteries for Cd

Jewel er's Screwdrivers for Internal Adjustnent

Cal i bration Kit
A) Spare gas cylinder (NI ST traceable calibration
gas)
B) Valve attachment
C) Flexible tubing (tygon)
D) Cylinder to encapsul ate sensor probe

Pr obe Extensi ons

(5)

(6)

Wth the intake assenbly in conbustible gas-free anbient air
zero the neter by rotating the zero control until the neter
reads O percent LEL. For instruments with an additional oxygen
neter, adjust the dial to 21 percent oxygen in nonhazardous

| ocati ons.

Calibrate the unit against a known concentration of a
calibration gas, |like methane, by rotating the calibration
control (span or gain) until the neter reads the sane
concentration as the known standard.
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(7) Some instrunents require internal calibrating with a small
screwdriver. Consult the operating manual before calibration.
Wth this nmodel, it is also necessary to nmaintain the proper
flow rate during calibration. Connect a flow nmeter between the
Cd and the calibration gas cylinder to nmonitor the flow rate.

(8) Mst npdels are equipped with three neters that read percent
oxygen, percent LEL, and ppm The ppmdial is often not used in
the field unl ess a photoionization detector (PID) or flane
i oni zation detector (FID) is not available, as the PID)FID
instruments are considered to be nore accurate.

c. Docunmentation Preparation.

(1) Obtain a | ogbook.

(2) Record results of the equi pment check in the | ogbook.
d. Field Preparation.

(1) Instrument Check. Before using the CA in the field, followthe
procedures described in the instrunment preparation section. You
may need to make additional adjustnents. |f necessary, adjust
the alarmsetting to the appropriate conmbustibility limt. The
action level or the point when activities are halted and
personnel are renmoved fromthe i mrediate vicinity, as detailed
in the SSHP, is usually |l ess than 25 percent of the LEL for the
gases that are present.

(2) Record necessary calibration data in the | ogbook and include the
information |isted bel ow

. Date and tine of arrival at the site.

. Site identification.

. I nstrunent, nodel nunber, and serial nunber.

. Date/tinme calibrated.

. Calibration gas used, including manufacturer and | ot
nunber .

. Calibration |ocation.

. Operator's signature.

e. Field Measurenents.
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(1)

(2)

(3)

(4)

(5)

Calibrate the CG daily before use in the field. See the
manuf acturer's manual for calibration procedures.

Position the CA intake assenbly close to the area in question
to get an accurate reading. For readings taken downhol e during
drilling, there will be a slight delay between positioning the

i nt ake tubing downhol e and regi stering accurate nmeter readings
because of the time required for the sanple to travel the length
of the tube.

Interpret CG neter readings according to one of three typica
i nstrument responses:

(a) The meter indicates 0.5 LEL (50 percent). This neans that
50 percent of the concentration of conmbustible gas required
to reach an unstable conmbustible situation is present.

(b) The meter needle stays above 1.0 LEL (100 percent). This
nmeans that the concentration of conbustible gas is greater
than the LEL and | ess than the UEL. Therefore, the
concentration is imredi ately conmbusti bl e and expl osi ve.

(c) The meter needle rises above the 1.0 LEL (100 percent) nark
and then returns to zero. This response indicates that the
ambi ent at nosphere has a conbusti bl e gas concentration
greater than the UEL.

Evacuate the area if any of the follow ng events occur:

(a) Sounding of the GCI alarm

(b) Readings that reach the action levels designated in the SSHP

(c) Mal functioning of the CQ

(d) Condition encountered or suspected that indicates oxygen
enrichment or depletion of the atnosphere (specially
designed units are available for operation in those

at nospheres) .

Keep in mnd these inportant factors during CA use:
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Sl ow, sweeping notions of intake or cell assenbly will help
ensure that problem atnospheres are not bypassed. Cover an
area fromthe ground to the breathing zone and areas where
maxi mum concentrations nmay be expected (for exanple,
downhol e during drilling).

Qperating the unit in tenperatures outside the recomended
operating range may conpromni se the accuracy of readings or
damage the instrunent. Check the operating manual for the
tenmperature linmtations of each particul ar nodel .

Many CG s are not designed for use in oxygen-enriched or -
depl et ed at nospheres.

Calibrate the equi pment and charge the battery after each
field use. See the operating manual for details.

The operator should fully understand the operating
principles and procedures for the specific CE in use.

f. Post Operations.

(1)

(2)

Fi el d.

(a)

(b)

Carefully clean the outside of the CA@ wth a danp

di sposabl e towel to renmove any visible dirt when the
activity is conpleted or at the end of the day. Return the
Cd to a secure area and place on charge

Ensure that all equi prment is accounted for, decontam nated,
and ready for shipnment.

Docunent at i on.

(a)

(b)

(c)

Record any unconpl eted work (such as additional nonitoring)
in the | ogbook.

Conpl ete | ogbook entries, verify the accuracy of entries,
and sign/initial all pages.

Revi ew data collection forns for conpl et eness.
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(3) Ofice.

(a) Deliver original forms and | ogbooks to the document contro
officer (with copies to the project manager and files).

(b) Inventory equi pment and supplies. Repair or replace al
broken or damaged equi pnent. Repl ace expendabl e itens.
Return equi prrent and report incidents of mal function or
damage.
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CHAPTER 11
ORGANI C VAPOR MONI TORI NG PROCEDURES
11-1. Ceneral. This chapter describes nonitoring of organic vapors using a

portable PID and FID in the UST work environnent. Both PIDs and FIDs are
useful as general survey instrunents at UST sites. A PID is capable of
detecting and measuring real-tinme concentrations of many organic vapors in the
air. APIDis simlar to a FIDin application. Equipnent calibration should
be done at the frequency and in accordance with the witten nmanufacturer’s
instructions. Table 11-1 describes the application conparisons between a PID
and an FID. Oher types of neasuring devices such as colorinmetric or

i munoassay can be used, but they do not provide the continuous readout of the
PID or FID instrunents.

a. PID. A PID responds to nost vapors that have an ionization potenti al
| ess than or equal to that supplied by the ionizing ultraviolet (UV)
lanp in the detector. Several |anps are available for the PID, each
having a different source wave | ength and subsequent different
i oni zation potential. For this reason, the selection of the
appropriate lanmp is essential in obtaining useful field results.

Al though it can be calibrated to a particular conmpound, the

i nstrument cannot di stinguish between detectable conpounds in a

m xture of gases. Therefore, it indicates an integrated response to
the m xture.

b. FID. An FID is useful as a general screening tool to detect the
presence of nmost organic vapors. It can detect pockets of gaseous
hydr ocarbons in depressions or confined spaces and can screen an area
for the presence of elevated | evels of vapor-phase organics. The FID
will respond to nost organic vapors as they form positively charged
i ons when burned in a hydrogen flanme. The magnitude of the response
is a function of the detector sensitivity and the ionization
properties and concentration of the particular conpound. As a
result, the response nust be conpared with the response generated by
a known concentration of a standard gas. The sanple concentration is
then reported as the ppmequi val ent of the standard gas. Mst units
are calibrated with nethane; however, al nost any gaseous hydrocarbon
t hat produces a response can be used. Many nodels al so have built-in
calibration circuits to ensure that the electronic response renmains
constant in all ranges.

11-2. Precautions. Personnel involved in the procedures outlined in this
chapter should be faniliar with the potential hazards and know in the
appropriate safety and health neasures needed to ensure a safe working
environnent. During the course of UST activities, workers nay be exposed to
petrol eum hydrocarbon |iquids and vapors and ot her hazardous wastes. Good
safety practices should be observed by all individuals using this procedure.
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TABLE 11-1
COVPARI SON OF THE FI D AND PI D
FID PI D

Response Responds to many organi c gases Responds to many organic and sone

and vapors, especially |ow i norgani ¢ gases and vapors,

nol ecul ar wei ght hydrocar bons. especi al | y heavy hydrocarbons.
Appl i cation In survey node, detects total In survey node, detects total

concentrations of gases and

concentrations of gases and

gases and vapors w th a higher
ionization potential than the
flane detector. No tenperature
control.

vapors. In GC node, identifies vapors. Sonme conpounds possi bl e
compounds. if GC colum and standards are
used.
Limtations Does not respond to inorganic Does not respond to nethane or

inorgani c aliphatic chlorinated
solvents. Does not respond
properly in presence of water
vapor (high hunidity). Does not
detect a conpound if probe (Ianp)
has a | ower energy than

conmpound' s ioni zation potential.

Calibration Met hane and ot hers. Benzene (1, 3-but adi ene) and

Gas ot hers.

Ease of Requi res experience to interpret Fairly easy to use and interpret.
Oper ati on correctly, especially in GC npde. More difficult in the GC node.
Det ecti on 0.1 ppm (nethane). 0.1 ppm (benzene), depends on
Limts I amp vol t age.

Response Tine

2-3 sec (survey node).

3 sec for 90 percent of total
concentration.

Mai nt enance

Periodically clean and inspect
particle filters, valve rings,
and burner chanmber. Check
calibration and punping system
for |l eaks. Recharge battery
after each use.

Clean W lanp frequently. Check
calibration regularly. Recharge
battery after each use.

Useful Range

0-1, 000 ppm

0-2, 000 ppm

Service Life

8 hours;
recorder.

3 hours with strip-chart

10 hours; 5 hours with strip-
chart recorder.
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Moni tor potentially toxic or potentially explosive vapors to deternine when an
expl osive or toxic hazard exists in the work environment.

11-3. PID Operations, Procedures, and Instructions. Site personne
responsi bl e for organic vapor nonitoring should be famliar with all safety
rul es and regul ations and the procedures for operating equipnent.

a. Limtations.

(1) The PIDis a nonspecific total vapor detector. It cannot be
used to identify substances; it can only quantify substances.

(2) The PID nust be calibrated to a specific conmpound.

(3) The PID does not respond to certain | ow nol ecul ar wei ght
hydr ocarbons such as net hane and et hane.

(4) Certain nodels of PID instruments are not intrinsically safe.
Refer to the manufacturer's operating manual for use in
potentially flammabl e or conmbusti bl e at nbspheres.

(5) A PID should be used in conjunction with a C4d.

(6) Electrical power lines or power transformers close to the PID
i nstrument may cause measurenent errors. Under these
circunmst ances, refer to the operating nanual for proper
procedures.

(7) Hi gh winds and high humidity will affect measurenment readings.
Certain nodels of PID instrunents becone unusabl e under foggy or
hi gh hum dity conditions.

(8) The lamp nmust be periodically cleaned to ensure ionization of
the air contam nants.

(9) Consult the manufacturer's operating nanual to determ ne the
instrument's response to various chem cals.

b. Calibration. Transport of calibration gas cylinders by passenger and
cargo aircraft is guided by the U S. Code of Federal Regul ations, 49
CFR Parts 100-177. Benzene is a typical calibration gas included
with a PID. Benzene is classified as a nonflamuabl e gas, UN1556, and
t he proper shipping nane is "conpressed gas." It nust be shipped in
cargo aircraft only.

c. Instrunment Preparation. Assenble the PID equi prment and supplies

listed in Table 11-2. Performthe startup procedures and operationa
checks described bel ow.
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(1)

(2)

(3)

(4)

Assenbl e the instrunent and check battery according to
manuf acturer's instructions. Turn on the PID

Zero the instrument using zero-calibration air or anbient
air.

Calibrate the instrunent according to the manufacturer's
specifications. At a mnimm instruments should be
calibrated daily at field conditions.

Contact the carrier that will transport equiprment and
hazardous materials to obtain information on regul ati ons and
speci fications.

TABLE 11-2
PHOTO ONI ZATI ON DETECTOR ( PI D)
EQUI PMENT AND SUPPLI ES CHECKLI ST

Phot oi oni zati on Detector (PlID)

Oper ati ng Manua

Probes: 9. 5eV , 10.2eV , and 11.7eV

Battery Charger for PID

Spare Batteries

Jewel er's Screwdriver for Adjustnents

Tygon Tubi ng

NI ST Traceable Calibration Gas
(type: )

"T" Valve for Calibration

I nt ake Assenbl y Extension

Strap for Carrying PID

Tefl on Tubi ng for Downhol e Measurenents

Pl astic Bags for Protecting the PID from Misture
and Dirt
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d. Docunentation Preparation.

(1)
(2)

ot ain a | ogbook

Record results of the equi pnment check in the | ogbook.

e. Field Preparation.

(1)

(2)

(3)

(4)

(5)

(6)

Fol | ow the startup procedures and operational check as described
in Section 11.3. Check the calibration of the instrument

agai nst a known sanple of calibration gas. |If the calibration

i s outside manufacturer's specifications, recalibrate the

i nstrument.

Foll ow the instructions in the operating manual explicitly to
obtain accurate results. As with any field instrument, accurate
results depend on the operator's know edge of the manual .

Position the PID intake assenbly close to the nonitoring area
because the |l ow sanpling rate allows for only very localized
readings. Do not immerse the intake assenbly in fluid under any
ci rcumst ances.

Moni tor the work activity as specified in the SSHP while taking
care not to pernit the PID to be exposed to excessive npisture,
dirt, or contam nation. Conduct the PID survey at a slowto-
noderate rate of speed and slowy sweep the intake assenbly (the
probe) fromside to side.

Evacuate the area if the preset alarm sounds. Operators using
supplied air systens may not need to evacuate the work area, but
they should frequently observe the levels indicated by the

i nstrument.

Static voltage sources |ike power |lines, radio transm ssions, or
transformers may interfere with neasurenents. See the
operator's manual for a discussion of necessary considerations.

f. Post Operation.

(1) Field.

(a) Carefully clean the outside of the PID with a danp
di sposabl e towel to renmove any visible dirt when the
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activity is conpleted or at the end of the day. Return the
PID to a secure area and place on charge

(b) Ensure that all equipnent is accounted for and
decont am nat ed.

(2) Docunentati on.

(3)

(a) Record any unconpleted work (such as additional nonitoring)
in the | ogbook.

(b) Conplete | ogbook entries, verify the accuracy of entries,
and sign/initial all pages.

(c) Review data collection fornms for conpl eteness.
Ofice.

(a) Deliver original forms and | ogbooks to the document contro
officer with copies to the project manager and files.

(b) Inventory equi pmrent and supplies. Repair or replace al
broken or damaged equi pnent and charge the batteries.
Repl ace expendable itens. Return equipnent and report
i nci dents of nmal function or damage. |f necessary, replenish
supplies of the NBS traceable calibration gas.

11-4. FID Operations, Procedures, and Instructions. Site personnel should be

famliar with
equi prent .

all safety rules and regul ati ons and procedures for operating

a. Limtations.

(1)

(2)

The FI D does not respond to nongaseous organi ¢ conmpounds such as
some pesticides, polynuclear aromatic hydrocarbons (PAHs), and
pol ychl ori nat ed bi phenyls (PCBs).

Most portable FIDs use the sanple gas as conbustion air for the
detector flane and are designed to operate in amnbient

at nospheres wi th oxygen concentrati ons of approximtely 21
percent. This design precludes the sanpling of process vents,
poorly ventilated or seal ed containers, or any sanple gas with a
hydr ocarbon concentration sufficient to reduce the avail able
oxygen or saturate the detector. Optional equiprment is

avail abl e to supply oxygen from a conpressed gas cylinder or
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i ntroduce sanple gas through a dilution systemw th a known
dilution factor.

(3) Concentrations beyond the greatest scale factor of the
instrument or in excess of 30 percent of the LEL of the sanple
conponent require systemnodification. |f system nodifications
are required, consult the manufacturer's operating nmanual .

Calibration. FID instruments usually have a negligible response to
carbon nonoxide (CO and carbon dioxide (CQ). Their structures

precl ude the production of appreciable ions in the detector flame so
other organic materials may be analyzed in the presence of CO and,
as with the PID, the FID responds differently to different conpounds.
Because the instrunent is factory-calibrated to nmethane, all relative
responses are given in percentages with nmethane at 100. Therefore,
the identity of the chemical of interest must be ascertained before
its concentration can be deternined.

In addition, the FID unit requires a trained individual to maintain
and operate the unit. Departnment of Transportation regul ations
prohi bit the carrying of conpressed hydrogen gas on passenger
aircraft. When the FID instrunent is transported on a passenger
aircraft, the hydrogen gas contained in the instrument nust be
enptied before | oading. Transport of an FID or extra cylinders of
hydrogen gas or calibration gas by cargo aircraft must conply with
the regul ations stipulated in 49 CFR Parts 100-177. Consult the
shi pper for any recent changes in this procedure.

I nstrunent Preparation. Assenble the equi pment and supplies listed
in Table 11-3. Performthe startup procedures and functional checks
descri bed bel ow. The purpose of these checks is to verify that an
instrument will function properly (for exanple, the batteries are
serviceable, and the instrunent can be zeroed and calibrated) in the
field. |If problens devel op, obtain a replacenent unit and perform
the sane functional checks.

(1) Turn the instrument on and al |l ow adequate warnup time.

(2) Check the battery charge level indicator. |If it is not fully
charged, recharge the battery as described in the manual.

(3) Turn on the punmp and check for |eaks by covering the sanple

inl et and observing the rotaneter. The indicator ball should
drop to zero.
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(4) Wth the punp operating, open the hydrogen gas storage tank
val ve and the supply regulator to allow fuel gas to flow into
the detector chanber.

(5) Depress the igniter switch, observe the indicator needle for
positive response, and listen for a pop. |If the flane fails to
light, depress the igniter switch again. Once the detector
flame is |it, the unit is ready for use. Before lighting the
detector flane, always be sure that the combustion gas flow
(usual ly sanmple gas) is started. |If the detector fails to
light, check over the instrunent battery and gas |evels and
start again at Step 1. |If the instrunent still does not light,
contact the project nanager.

TABLE 11-3

FLANME | ONI ZATI ON DETECTOR ( FI D)

EQUI PMENT AND SUPPLI ES CHECKLI ST
Fl ame | oni zati on Detector (FID)
Probe Extension
Oper ati ng Manua
Battery Charger
Spare Batteries
Jewel er's Screwdriver for Adjustnents and
Cal i brati on
Ref uel i ng Hose for Hydrogen Cylinder
NI ST Traceable Calibration Gas
(type: )

(6) If the instrument has internal calibration capability, perform

the instrument calibration according to the procedures described
in the operating manual .

d. Docunentation Preparation.

(1)
(2)

ot ain a | ogbook

Record equi prrent checking results in the field | ogbook
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(3) Obtain a sufficient nunmber of the appropriate data collection
forms.

Field Preparation. Before using the FIDin the field, performthe
follow ng i nstrument checks to ensure that the equi pment was not
damaged during transport.

(1) Follow the instrument checkout procedures described above in
of fice preparation.

(2) If calibration to a specific hydrocarbon species is desired,
conplete this procedure according to the nmanufacturer's operating
i nstructions.

(3) Calibrate the FID daily before each use in the field.

(4) Hold the sanple probe in the area in question. The |ow sanple
rate allows for only very localized readings.

(5) A slow sweeping notion should help prevent the bypassing of
probl em areas. Make sure the batteries are recharged within the
time frame specified in the operator's manual. The usual |ength
of operating tine between charges is 8 to 12 hours.

(6) PerformFID nmonitoring at 1.5-nmeter (5-foot) intervals downhol e,
at the headspace, and in the breathing zone during drilling
activities. |In addition, where el evated organic vapor |evels are
encountered, nmonitoring may be performed in the breathing zone
during actual drilling. When the activity does not require
drilling (like surface sanpling), only record readings in the
breat hi ng zone. Consult the SSHP for the specific nmonitoring
i nstructions.

(7) Check for an alarmon the unit that signals the operator if the

detector flane goes out. |If the alarm sounds, evacuate the work
area, relight the flame in a known safe area, and reenter the
site.

(8) Mnitor fuel and combustion air supply gauges regularly to
ensure sufficient gas supplies.

(9) Cdean sanple probe or in-line filters (in front of the
detector), when high background readi ngs occur or after
prol onged use. Use pipe cleaners to clean the probe and apply
cl ean air bl own backwards through the probe to clean the
filters. Do not use organic solvents because the detector may
becorme saturated by the solvent.
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f.

(10)

(11)

Performthe routine mai ntenance described in the operating
manual . Because the FID unit contains pressurized gas
suppl i es, |eak-check procedures nust be regularly perforned.
Leaki ng hydrogen gas is explosive.

Modi fy the systemif concentrations beyond the maxi mum full -
scal e capability of the instrunent or in excess of 30-percent
LEL of the sanple conponent occur. Simlar nodification my be
necessary for sanpling in oxygen-deficient atnospheres. This
usual ly entails increasing the conbustion air to the

detector by sanple dilution or by an independent air supply. A
di lution system apparatus is required to supply a filtered,
controlled air supply for analyzers that use the sanple gas
stream as the source of conmbustion air. A dilution system can
dilute a gas streamby ratios up to 100:1 through the sel ection
of various critical orifices.

Post Operations. See paragraph 11-3f. The sanme post-operations
process applies to both FIDs and Pl Ds.
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CHAPTER 12
PRODUCT REMOVAL PROCEDURES
12-1. Ceneral. This chapter describes the procedures that should be foll owed

for renoval of product froman UST after the tank's contents have been
characterized by review ng records and/or by chem cal analysis. Sanpling is
usual |y recommended for tanks that are no | onger in use or that have

experi enced a change in use over their lifetimes. The only tine when a UST
woul d not be sanpled is when the tank is currently in service, and the
contents stored over its service life are well-docunented.

12-2. Operations, Procedures., and Instructions.

a. Precautions. During the course of product renoval, workers may be
exposed to petrol eum hydrocarbon |iquids, vapors, or wastes. All
precautions shoul d be observed by all individuals using this
procedure for product renmoval from USTs. Site personnel responsible
for product renoval should be famliar with:

(1) Al safety rules and regulations (consult the SSHP for specific
safety instructions).

(2) The use of equi pnent and procedures for renoving product from
t anks.

(3) The handling and disposal of the types of products likely to be
encount er ed.

(4) APl Publications: 1604, 2003, 2015, 2217, 2219, and NFPA 327.
(5) Transportation of fuel and fuel products.
b. Docunentati on.
(1) Obtain a field |l ogbook to record all activities performed,
personnel contacted, tine and dates when these activities were
performed, field conditions, and any unusual circunstances.

(2) Keep information factual and objective.

(3) Enter information not recorded in the | ogbook on field forns.
In either case, record the follow ng information:

. Site identification

. Date and time specific activities took place
. Per sonnel nanes

. Fi el d observati ons.
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Phot ographs are suggested; if photos are taken, records nust indicate the nane
of photographer, site nanme, canera type and |l ens size, and general direction
This information will be included in the Tank Cl osure Report discussed in
Chapter 1 of this manual.

c. Procedures.
(1) Observe any special precautions.

(2) Performlimted excavation (per requirenents in EM 385-1-1) to
access the piping. Flush and drain piping into the tank, being
careful to avoid any spillage to the surroundi ng area.

Di sconnect piping (except the vent line) fromthe tank and cap
or renove the piping.

(3) Take a sanple for offsite analysis if tank contents are unknown.
General ly, the contents of an active tank are known. See Chapter
6 for sampling of tank contents.

(4) Vent the tank properly by ensuring all vent pipes are open to
t he atnosphere, then punp or drain residual product to the
| owest possible | evel through the water-draw or punpout
connecti on.

12-3. Equiprment. Vacuumtank trucks, along wth expl osion-proof or air-
driven punps, provide a fast and efficient nethod for renoving and hauling
product from USTs.

a. Precautions

(1) The vacuumtruck operator should be trained to identify or
recogni ze hazards connected with truck operations including
spills, hose failures, and di scharges of flammable and toxic
vapor .

(2) The truck operator should be provided with and trained in the
use of all required personal protective equipnment. In addition
the tank operator should be trained in recognition of
potentially flammabl e conditions and fire prevention, first aid,
and the proper use of portable fire extinguishers and other fire
ext i ngui shi ng techni ques.

(3) Department of Transportation regulations in 49 CFR 172 Subpart H
require the truck operator to be trained and tested on the
hazardous materials regulations. Training rmust include genera
awar eness of the hazardous materials regul ations, safety
training, driver training, and function specific training. The
truck operator should be know edgeable in and conpliant with
applicabl e state and | ocal hazardous material regulations as
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well as the follow ng portions of the Code of Federa
Regul ati ons:

(a) 49 CFR Parts 170-178 and 390-397 Transportation. (This
mat eri al has been conpiled by National Tank Truck Carriers
in their publication: Cargo Tank Hazardous Materia
Regul ations.)

(b) 40 CFR 263 Standards Applicable to Transporters of Hazardous
Wast e.

(c) 40 CFR 279 Standards Applicable to the Managenent of Used
G| (when applicable).

b. Truck I nspection and Operating Procedures. The truck operator should
conplete this inspection checklist before the truck is operated:

(1) Al valves are operating freely.
(2) Floats for liquid-level indicators are working properly.

(3) Rubber stoppers on scrubber shutoffs are in good condition and
seat ed properly.

(4) Dome gaskets are in good condition and seated tightly when the
dones are closed (this can be checked by applying pressure to
t he tank).

(5) Hoses, connections, and fittings are in good condition, and the
materials of construction are appropriate for the application

(6) Al connections and ot her equipnent are | eak-free and in good
wor ki ng order.

c. Internal Valves. Internal valves are not required on tanks that have
been specifically exenpted by the U S. Department of Transportation
however, a copy of the exenption rmust be carried on the truck

d. Operating Environnent.
(1) Because truck engines are an ignition source, they should be
operated upwi nd of any pickup point and outside path of vapor
travel .
(2) If there is any question whether the area is gas-free, a gas

test should be performed using a CAd before any operation is
started. The area nust be vapor free.
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(3) A vacuumtruck should be permitted into a diked tank area only
after the area has been tested and found to be gas free.

(4) In the area where product will be discharged fromthe vacuum
truck, vapor travel and sources of ignition nmust be considered.

e. Static Electricity. Wth nonconductive hose, any exposed netal, such
as a hose flange, can accumulate static electricity and act as an
ignition source if the netal touches or cones close to ground.
Therefore, if nonconductive hose is used to discharge a flammabl e
liquid into an open area (such as a pit or an open tank) or
di scharged where any source of flammble material is present near the
hose's exposed netal parts, the metal parts shall be bonded, the hose
and the tank or receiving vessel shall be bonded, and the bonding
system shall be grounded. (Refer to NFPA 30, Flammable and
Conbusti bl e Li qui ds Code).

As it is difficult to distinguish between conductive and
nonconducti ve hose and both may be used, it is recomended that al
exposed netal on any hose be grounded. Exception to this would be a
cl osed systemwith tight connections at both ends of the hose. An
alternative to grounding in such cases is verifying, by means of

el ectrical testing, that the hose is conductive.

f. Cargo Tank Vacuum Loadi ng. The truck operator should utilize the
foll owi ng procedure when | oading a cargo tank:

(1) Attach the suction hose fromthe inlet valve to the | oad source.

(2) dose all valves.

(3) Start the vacuum punp.

(4) Position the four-way valve to pull a vacuum on the cargo tank.
WARNI NG When volatile flammable or toxic liquids are | oaded, the vacuum punp
exhaust shoul d be extended downwi nd by attaching a |l ength of hose sufficient
to allow venting to a hazard-free area away from people, ignition sources, and
so forth.

(5) Wen the tank is full, close the inlet valve.

(6) Bleed off the vacuum by openi ng the bl eeder val ve, equalizing
t he tank pressure.

(7) C ose and cap the bl eeder valve. Open the inside and outside

scrubber (liquid entry preventer); drain valves. Catch any
liquid for proper disposal
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To prevent liquids and solids fromentering the vacuum punp, neither

the inside nor the outside scrubber drain valves should be opened while the
unit is under vacuum

12-4.

Waste Di sposal and Recycling. Two types of waste associated with

product -renoval operations include product and contani nated water from rinsing
activities.

a.

Product Disposal. (Note: The scope of this EMis linted to

petroleum oil, and lubricant tanks; therefore, this discussion does
not include other types of products). In many instances, product
renoved from tanks can be reused onsite if the fuel characteristics
neet the facility's specifications. |f the fuel does not neet the

specifications, (e.g., because of excessive anpunts of water or
sludge in the fuel), it can be shipped to a recycler for reclamation.
Prior to shipnent, a deternination on the regulatory status of the
material nmust be made. It may be regul ated as a hazardous waste if
it isignitable, fails TCLP, or nmeets criteria for a state-regul ated
waste. On the other hand, it may be excluded fromregulation if it
can still be used as a fuel or if recycled in a manner that excludes
it fromregulation as a hazardous waste.

(1) When the petroleum oil, lubricant (PO.) is not subject to
regul ation as a hazardous waste, options for recycling include:

(a) Use for its intended purpose directly. For exanple it can
be burned as a fuel in a boiler, in an industrial furnace,
or in a space heater. It could also be burned in an engi ne
used to operate a free-product recovery system

(b) Use for its intended purpose after being re-processed. For
exanpl e, fuel/water nixtures can be physically separated on
site to recover the fuel. Since it is not regul ated as
hazardous waste, processing does not require an RCRA Part B
permt.

(c) Use as an additive for paving or roofing asphalt. Whereas
hazardous wastes are prohi bited from being used as
i ngredi ents for products placed on the |and (unless specific
conditions are net), this prohibition does not apply to non-
hazar dous wastes.

(d) Use as a substitute for a commercial product. For exanple,
it could be used as formrel ease agent for concrete
producti on.

(2) Wen the POL is ignitable or fails TCLP, the foll ow ng options
for disposal and/or recycling should be considered:
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(a) Use for its intended purpose without first processing. Fue
that can still be used for its intended purpose is not
subj ect to RCRA regardl ess of whether or not it exhibits a
hazardous characteristic.

(b) Process it to become a useable fuel. However, the facility
that processes the waste nust be a pernitted RCRA treatnent,
storage, and disposal (TSD) facility.

(c) Mx with used oil and burn as used oil provided the mixture
does not exhibit any RCRA hazardous characteristic. Note,
however, that this is perm ssible according to federa
regul ati on, but may be prohibited by individual states.

(d) Burn for energy recovery at a permtted TSD facility.

(e) Use as an effective substitute for an ingredient in a
conmer ci al chem cal product provided the resultant product
is not applied to the land or burned for energy recovery.
However, it can be recycled into a product applied to the
land if the following three criteria are net:

(1) The recyclable material has undergone a chenica
reaction in the course of producing the product so as
to become i nseparabl e by physical neans;

(2) the product neets |and disposal restriction treatnent
st andards; and

(3) the product is produced for the general public’s use.

Cont am nated Water. Contam nated water can be di sposed of in severa
different ways. Sonme DOD facilities may di scharge to an oil/water
separator. A second method is to discharge it to the |Iocal publicly
owned treatnment works (POTW or an industrial wastewater treatnent
facility. Contact the facility environnmental coordinator and the

| ocal POTWto determ ne discharge requirements for the facility.

Anot her nethod of disposal is to ship the water/product mixture to a
recycler. The reader should recognize that this nmay be a nore
expensi ve option due to shipping costs. Any nethod of disposal needs
careful and precise docunentation, including |aboratory analytica
results, disposal facility approval and certification, and the proper
paperwork to track the renmoval and di sposal of the waste.
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CHAPTER 13
UNDERGROUND STORAGE TANK REMOVAL PROCEDURES
13-1. Ceneral. This chapter reconmends procedures for the renoval, storage,

and offsite di sposal of UST systens that have contained flanmabl e or
conbustible fluids. Al such work nust be acconplished in accordance with
federal, state, and |l ocal requirements as well as accepted safety standards.
Before initiating work, the appropriate government agencies should be

consul ted concerning applicable regulatory and pernmit requirenments. This
chapter is not considered to be all inclusive due to the differences in state
regul atory requirenents. USACE Guide Specifications and other hel pfu

gui dance references are included in Chapter 1.

13-2. Renobval of Underqround Tanks.

a. Preparation.
(1) Observe the safety precautions as described in Chapter 7.

(2) Notify the Inplenenting Agency a mni num of 30 days prior to

tank removal. Obtain a tank renoval pernit fromthe local fire
chief or proper authorities and notify the environnental
coordi nator of the day and tinme when work will begin at |east 3

days in advance. Typically, local regulations require a |loca
fire official representative to be onsite before work may begin.
Notify proper fire authorities as they require.

(3) Rermove all liquids fromthe tank follow ng the procedures
outlined in Chapter 12.

b. Purging Tanks. Purging or ventilating a tank replaces or dilutes the
fl ammabl e vapors in the tank with air. The goal of tank purging is
to reduce the flanmabl e vapors in the tank to bel ow one percent of
the LEL. Tanks shall be purged for confined space entry but not for
renoval purposes. However, it is inmportant to recognize that the
tank may continue to be a source of flammable vapors even after
foll owi ng the purgi ng procedures.

Confined space entry into the tanks should not be attenpted unl ess
absol utely necessary, but it may be required to effectively renove
sludge fromthe tank. Consult NFPA 326, Safe Entry into Underground
St orage Tanks, for tank entry and Table 13-1, which sunmarize the
procedures for tank purging as well as associated advantages and

di sadvant ages.
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TABLE 13-1
PROCEDURES FOR PURG NG TANKS
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TABLE 13-1 (co
PROCEDURES FOR PU

>
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Procedure Advant age Di sadvant age
Ventilation via an ® Tanks equi pped with Vapors must be )
eductor-tyPe air fill (drop? t ubes di scharged at a mini num
nover usually that are not of 3.7 m (12 feet)
driven i removabl e can be above grade.
conpressed air Purged efficiently by

hi S et hod. Al'l precautions nust

be taken to mnimze

t he hazards of )
|Pn|tab|!|ty and static
e ectr|C|t¥. Alr

nmovers nusi be
|nherently bonded to

t he vessel being
ventil at ed.

Exhaust funmes wil |
need to be vented at _a
m ni mum hei ght of 3.7
m (12 feet) "above

grade and m (3 feet)
above any adj acent
roof I i nes.

To avoid rupturing the
tank, air pressure
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so the size of
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TABLE 13-1 (conti nued)
PROCEDURES FOR PURG NG TANKS
Procedure Advant age Di sadvant age
° Ventilation via a | e General ly, I rregul ar - shaped
di ffused air bl owi ng into contai ners may not be
bl ower t he tank rather t hor oughl y purged by

t han exhausti ng
fromthe tank
is nore
effective.

° Ventilation via
di ffused air
bl ower is
relatively
i nexpensi ve.

this nethod if the

ai rstream | eaves
pockets that cannot be
ef fectively reached
with the uncon-

tam nated air.

Al'l precautions nust be
taken to minimze the
hazards of ignition by
static electricity.

Air novers nust be

i nherently bonded to

t he vessel being
ventil at ed.

Fill (drop) tubes nust
be renoved to all ow
proper diffusion of the
air in the tank.

Air supply nust cone
froma conpressor that
has been checked to
ensure a clean air
supply that is free
fromvolatile vapors.

To avoid rupturing the
tank, air pressure in
the tank nust not
exceed 34.5 KPa (5

psi).

Exhaust fumes wi |l need
to be vented at a

m ni mum hei ght of 3.7 m
(12 feet) above grade
and 1 m (3 feet) above
any adj acent rooflines.
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‘ TABLE 13-1 (continued) \
Procedure Advant age Di sadvant age
e Use of commrerci al e Conpl et Iy m sci bl e ® Regul atory
emul sifiers in wate requi rements for
treat ment and d|sposa
e Aids in the of the water nust
elimnation of det ermi ne

fl ammabl e vapors.
® Biosolve is an

® Bi odegradabl e. expensive material to
pur chase.
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soluble in water.
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® |n accordance with
USACE gui de
speC|f|cat|ons
P|ng nEt hods
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shall no be al | owed.
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(1)

(2)

Exhaust flammabl e vapors fromthe tank by one of two met hods of
tank ventilation listed bel ow.

(a) One nmethod is ventilation using an eductor-type air nover,
usual |y driven by conpressed air. However, the USACE does
not approve this method. Therefore, it is presented in this
manual only for conpl eteness of information. The eductor-
type air nover must be properly bonded to prevent the
generation and di scharge of static electricity. Wen using

this method, the fill (drop) tube should remain in place to
ensure ventilation at the bottom of the tank. Tanks
equi pped with fill (drop) tubes that are not renpvable are

purged by this nethod. An eductor extension is used to
di scharge vapors a mininmumof 3.7 neters (12 feet) above
grade or 1 neter (3 feet) above adjacent roof |ines,

whi chever is greater.

(b) Ventilation with a diffused air blower is a second nethod.
When using this purging nethod, it is inperative that the
air-diffusing pipe is properly bonded to prevent the
di scharge of a spark. Fill (drop) tubes nust be renoved to
al l ow proper diffusion of the air in the tank. Air supply
shoul d be from a conpressor that has been checked to ensure
a clean air supply that is free fromvolatile vapors. Air
pressure in the tank nmust not exceed 34.5 KPa (5 psi) gauge
to avoid tank failure

One of the safest and sinplest nmethods for purging a tank is to
fill the tank with water. However, in certain areas, regulatory
requi rements for treatnment/di sposal of water used in the vapor-
freeing process may make this nethod cost-prohibitive. Purging
met hods using liquids will not be used on USACE projects due to
generation of excessive volunes of waste. The nmethod is
presented here for conpl eteness. Before enploying the nethod
descri bed bel ow, consult |ocal regul ations.

(a) Fill the tank with water until the floating product nears
the fill opening. Renove the floating product and place it
in a suitable container for proper disposal. Care should be

exercised to ensure that neither product nor water is
spilled into the tank excavation
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(b) Cbserve normal safety precautions filling the tank with
wat er because flammabl e vapors will be expelled through both

the vent and fill openings, but primarily at the fil
opening. To minimze this escape of vapor through the fil
opening, tenporarily cap the opening.

(c) Punp out the water and dispose of it in accordance wth
| ocal regul ations when the tank is free of vapor

(3) Another purging nethod that has been used with success and is an
approved nethod in some states is the use of comrercia
emul sifiers and volatile fuel encapsulators. These products are
conpletely miscible in water, aid in the elimnation of
fl ammabl e vapors, and are bi odegradable. Regulatory
requirements for treatnment and di sposal of the water nust be
determ ned prior to using this nethod.

(a) Standing outside the tank, rinse the tank with a three- to
si x- percent solution of the product using a pressure
sprayer through a manway openi ng.

(b) Measure expl osive concentrations at several levels within
the tank. |If readings are greater than 20 percent of the
LEL, rinse the tank again.

(c) \When LEL readings are acceptable, punp out the water in the
tank for disposal.

Inerting Tanks. Inerting displaces the flammabl e atnosphere of the
tank with an inert or nonreactive gas such as nitrogen or carbon
di oxide. Inerting is achieved when the oxygen content is lowered to

bel ow 8 percent oxygen by vol unme, which is the ampunt of oxygen
needed by nost petrol eum products to support conbustion. Table 13-2
sunmmari zes the procedures and advant ages/ di sadvant ages for tank
inerting. Inerting is the only option avail able when renovi ng tanks
fromthe ground.

Al ways exerci se caution when handling or working around tanks that
have stored flammabl e or conmbustible liquids. Before initiating work
in the tank area or on the tank, a Conmbustible Gas Indicator (Cd)
shoul d be used to assess vapor concentrations in the tank and work
area. CG operation is detailed in Chapter 10.
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TABLE 13-2
PROCEDURES FOR | NERTI NG TANKS
Procedure Advant age Di sadvant age
e Displacement of VWen inerting with Thi s net hod )
vapors with dry . dry ice, the static cannot be used if
i ce, carbon dioxide el ectrical problens the tank is to be
gas t hat are encountered entered for anY
with gas cylinder reason as the tank
inerting are not at nosphere w Il be
encount er ed. oxygen-defi ci ent.
Dry ice is readily The dry ice
avai |l abl e and vapori zation
relatively rel eases fl ammuabl e
I nexpensi ve. vapors.

Exhaust funes fro
inerting should b

vented at a n1n|nug

hei ?ht of 3.7 m(1
fee { above grade
and m (3 feet)
above any adj acent
roof |ineés.

Air pressure in the
tank nmust not exceed
34.5 KPa (5 psi)
gauge.

There is no nonentum
for vapors in the
tank to nove toward
the vent so inerting
t akes | onger and may
be | ess effective
than inerting with
conpressed gas.

Pocket s of vapors
can be traPped in

t he tank
distribution of the
inert gas in the
tank i S inconplete.

Cuygen may be re-

i nfroduced into the

tank unl ess al

hol es are

effectively ﬁlugged,

Fxcept for the vent
I ne.
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TABLE 13-2 (continued
PROCEDURES FOR | NERTI NG TANKS

Procedure Advant age Di sadvant age
® |nerting with an ® |nert gases may be Thi s net hod cannot
i nert gas such as used to renove the be utilized if the
CG, orq$ fl ammbl e vapors from tank is to be
) cont ai ners under entered for any
The concentration certain conditions reason, as the tank
of oxygen in the wi t hout the hazards at nosphere wi Il be
tank ctan be reduced i ncidental to having oxygen-defi ci ent.
to a | evel the vapor-air m xture
insufficient to. in the tank space The gas nust be
support conbusti on Pass t hr ough the i ntroduced through a
by replacing the I ammabl e Fange. singl e tank opening
oxygen wi th™an ] ] and under | ow
i nert gas. e |nerting with CO or ressure < 34.5 KPa
, n|tr08en from PS psi).
CO, is generally cylinders is
t he gas of choice enerally faster than Conpr essed ?ases may
since its density, ry ice due to better create a potentia
is greater than air distribution of the ignition hazard as
causing it to i nert gas. the result of the
settle”to the tank ) devel opnent of
bott om pushi ng ° Inert|n8 can be static electrica
oxy?en up and out conpleted in a short charges. The
of "t he tank. period of tinme. di scharge devi ce
nmust, therefore, be
gr ounded.

Exhaust funmes fro
inerting should b

vented at a m ni mum
he|?ht of 3.7 m (12
fee { above grade
and m (3 feet)
above any adj acent
roof |ines.

Inerting with gas
can be expensive.

Conﬁressed CO, has a
pgc | ar ger

enper at Ur e
difrerence with
out si de at mpsphe
than bottled .
nitrogen. This
difference leads to
condensati on, which
i ncreases the ]
generation of static
electricity.

t he
re

Cuygen may be re-

i nfroduced into the

tank unl ess al

hol es are conpletely
| ugged, except for
he“vent |ine.
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(1)

(2)

(3)

Fl ammabl e and conbusti bl e vapors may be inerted with an inert
gas such as CO, or N,. This nethod should not be utilized if the
tank is to be entered for any reason, as the tank atnosphere
wi Il be oxygen deficient. The inert gas should be introduced

t hrough a single tank opening at a point near the bottom of the
tank, at the end of the tank opposite the vent. |f necessary,
excavate around the vicinity of the tank to access the
connection. Wen inert gases are used, they should be

i ntroduced under |ow pressure to avoid the generation of static
electricity. When using CO, or N,, pressures in the tank shoul d
not exceed 5 psi gauge. The process of introducing conpressed
gases into the tank nay create a potential ignition hazard as
the result of the devel opment of static electrical charges. The
di schargi ng device nmust, therefore, be grounded. CG

ext i ngui shers shoul d not be used for inerting flammable

at nospheres because expl osi ons have resulted fromthe

di scharging of CO, fire extinguishers into tanks containing a

fl ammabl e vapor-air m xture.

If the method described above is not practical, the vapors in
the tank nay be displaced by adding solid carbon dioxide (dry
ice) to the tank in the amount of at |east 1.36 Kg (3 pounds)
per 378 liters(100 gallons) of tank capacity. The dry ice
shoul d be crushed and distributed evenly over the greatest
possible area in the tank to pronote rapid evaporation. As the
dry ice vaporizes, flammble vapors will flow out of the tank
and may surround the area. Therefore, where practical, plug al
t ank openi ngs except the vent after introducing the solid CG
and continue to observe all normal safety precautions regarding
fl ammabl e or conbusti bl e vapors.

Moni t ori ng of oxygen concentrations within the tank should be

done during the inerting operation. Inerting has been
satisfactorily acconplished when the oxygen content is |ess than
8 percent. If vapor reduction is not occurring satisfactorily

and the onsite official allows, pour water down each pipe to
which dry ice was added. This will distribute the dry ice and
rel ease nore CO. |If vapor reduction is not adequate after the
above procedures have been foll owed, repeat dry ice application
using half of the original dry ice quantity per vol une.
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d. Testing.

(1) The tank atnosphere and the excavati on area shoul d be
continuously tested for percent oxygen and combusti bl e gas
during the tank excavation and renoval operations. Follow these
guidelines to test:

(a) Take such tests with a CAd with an oxygen meter that is
properly calibrated according to the manufacturer's
instructions (typically on pentane or hexane in air) and
whi ch is thoroughly checked and nai ntai ned in accordance
with the manufacturer's instructions.

(b) Use a person conpletely famliar with the use of the
instrument and the interpretation of the instrunent's
readings to do the test.

(c) Take readings at the bottom m ddle, and upper portions of
the tank and clear the instrument after each reading. |If
the tank is equi pped with a nonrenovable fill tube, readings
shoul d be taken through anot her opening.

(2) Follow these procedures to ensure the tanks remain properly
i nerted:

(a) Test the tank vapor space by placing the indicator probe
into the fill opening with the drop tube renoved. Liquid
product must not enter the probe.

(b) Readings of |ess than 8 percent oxygen must be obtai ned
before the tank is considered safe for removal fromthe
ground. Oxygen readings that rise above 8 percent during
renoval activities will require additional tank inerting
before renmoval activites can continue.

e. Associated Piping Inerting. |In preparation for tank renoval, the
type of tank appurtenances nust be evaluated. Different types of
tank configurations include those with renovabl e extractor val ves,
angl e check val ves, nonextractor angle check val ves, direct connect
lines, and other connecting lines. Renove any check valves to
prevent backflushing of the pipe lines. Al piping nust be inerted
bef ore tank renoval begins. These lines nmay have a manhol e that
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all ows access fromthe surface w thout excavation, or excavation may
be required for access. Confined space precautions will be foll owed
if enployees are required to enter tanks, manhol es, or excavations.

(1)

(2)

(3)

Renovabl e Extractor Valves. Procedures for inerting different
types of tank configurations are discussed first foll owed by
procedures conmon to all

(a) Access tank connections via manhol e or by excavati on.

(b) Renove each extractor valve riser cap and renove the
extractor valve using the proper tool

(c) Recap and tighten each extractor valve riser cap

Nonext ract or Angl e Check Val ves, Direct Connections and O her
Connecti ng Lines.

(a) Access connections via manhol e or by excavation.

(b) Inert all piping before tank renoval begins.

(c) Disconnect the fuel line fromthe angle check val ve and
di sconnect other lines fromthe tank.

(d) Catch any liquids fromthe Iines in a container and properly
di spose of 1iquids.

(e) Attach a reducing bell to the suction or connecting line to
reduce the line diameter to 20 nm (3/4-inch).

(f) Renove angle check val ve or appurtenance fromthe tank, if
possi bl e.

(g) Attach a 20 mm (3/4-inch) gasoline-rated hose to the 20 mm
(3/4-inch) end of the bell reducer and insert the free end

of the hose into the nearest bung opening in the tank.

Conmon Pipe Inerting Procedures. Use N, or CO, for the follow ng
st eps.

(a) Disconnect the piping at the dispenser or building.
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(b) Make connections such that the piping systemmy be
backflushed with the selected inert substance.

(c) Pressurize the line with the substance so that the fluid in
the pipeline will be backflushed into the UST. |If the tank
connections are of the extractor-valve type, repeat the
backfl ushing process with each |ine that is connected to the
UST. |If the Iines are of the direct-connect type, continue
until the hose discharge is observed to be exhausting clean
i nert substance. The procedures nust be repeated for each
additional Iine.

Tank Renoval .

(1)

(2)

(3)

(4)

Renove |iquids and residues fromthe tank as detailed in Chapter
12.

| f excavation has not already been performed for piping access,
renove concrete or asphalt cover. Excavate underlying soils
down to the top of the tank. Segregate these soils fromthose
underlying the tank to reduce disposal volunmes if these upper
soils have no visual or odor contam nation. Excavation should
be deep and wi de enough to all ow access to all associated piping
and appurtenance tank connections.

Renove the fill pipe, gauge pipe, vapor recovery truck
connection, subnersible punps, and other tank fixtures. Renove
the drop tube, except when it is planned to purge the tank by
using an eductor as described previously. Cap or renove al
nonproduct |ines, such as vapor recovery lines, except the vent
line. The vent line should remain connected until the tank is
purged. Tenporarily plug all other tank openings so that al
vapors will exit through the vent line during the inerting
process.

After the tank has been inerted and before it is renoved from

t he excavation, cap or plug all pipes or bungs at or as near as
possible to the tank. Cut any tank hol d-down straps. Use a
nonsparking cutter, such as pipe cutters, to avoid the
generation of any sparks during pipe cutting.
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(5)

(6)

(7)

(8)

The plug or cap sealing the vent tube nust have a 3-mm (1/8-
inch) hole drilled through the tube. This hole will allow
expansi on and contraction of the gases contained within the tank
due to tenperature variations wi thout subjecting the tank to
excessive differential pressure caused by tenperature changes.
The tank should al ways be positioned with this vent plug on top
of the tank during subsequent transport and storage.

To renove the tank:

(a) Attach pulling chain to the tank eyelets or any secure hooks
or rungs, or use nylon slings that will support the tank
wei ght .

(b) Renove tank from excavation, using appropriate lifting
device in accordance with requirenents of EM 385-1-1.
Front-end | oaders and backhoes cannot be used for lifting
unl ess they are equipped with a factory attached hook
designed with adequate Iift capacity for the tank, and the
tank does not exceed the published |ifting capacity for the
equi prent .

(c) Set tank on the ground and stabilize with wooden bl ocks.
Keep the ventilation cap with the 3-mm (1/8-inch) hole on
t op.

Visually inspect the outside of the tank and use screwed
(boiler) plugs to plug any and all corrosion holes in the tank
shel | .

Recheck the oxygen content within the tank as before and
reinitiate inerting procedures, if required. It is vital that
the internal tank atnmosphere be insufficient to support ignition
as sparks are possible, and a tank above ground can cause great
damage to life and property if ignition occurs.

Renove external scale and attached soil fromthe tank.
Nonspar ki ng tools nust be used at all times in the vicinity of
the tank until such tinme as the tank interior and exterior
surfaces are decont anm nat ed.
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(9) See Chapter 15 (Soil and Free-Product Renoval Procedures) for
further excavati on procedures concerning soil sanples and
cont ani nati on soil excavati on.

(10) Contain spills or drips during renoval using absorbent boons or
ot her methods required by the Inplementing Agency. |If you
observe contami nation (i.e., saturated soil or free product)
from previous operation or renmoval, consult |ocal environnmental
officials, the fire marshal, or the EPA for assistance and
requi rements. See APl Bulletin 1628 for further informtion.

Sl udge Renmpval. Renove sludge and decontami nate the interior and
exterior of the tank prior to tank renmoval fromthe work site. The
contractor should subnmit in the SSHP plans and procedures, including
material s and supplies, for safely and effectively opening the tanks,
cleaning all surfaces of the interior of the tanks, and disposing of
t he sl udge and decontani nation fl uids.

Restrictions include the foll ow ng:

(1) No volatile organic solvents should be pernitted for
decont anmi nati on procedures.

(2) The Inplenmenting Agency must be consulted to deternmine if any
requi rements exist for determ ning when the tank is considered
cl ean.

(3) No personnel should be permitted to enter any of the storage
tanks at any time except by follow ng the confined space
gui del i nes as provided in Appendix E of this manual or unless
the tank ends have been renpved.

Refer to Chapter 14 for sludge renoval and tank cl eani ng procedures.
Col l ect and di spose of decontam nation fluids as outlined in Chapter
9.

Free- Product Renoval. Many times during tank renovals, the
excavation area fills up with free product and/or water. Renove this
product and water prior to tank renoval or soil excavation. Refer to
Chapter 5 for installation of nonitoring wells in free product,
Chapter 6 for sanpling free product, and Chapter 15 for free product
procedures.
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i. Tank Ball ast Pads. Concrete ballast pads and associ ated hold down
straps are installed to counteract buoyant forces in high groundwater
areas. Ballast pads are difficult and expensive to renpve. Concrete
bal | ast pads nay be left in place under nost circunstances unless
significant contanmination is present and it cannot be renedi ated by
in-situ nmethods, or the user requires the pads renoval.

13-3. Tank Di sposal

a. Tank Storage.

(1) Label tanks if they will be stored prior to disposal. Labe
after removal fromthe ground but prior to renoval fromthe
site.

Label requirenents include the foll ow ng:

(a) Regardless of the condition of the tank, the |abel should
contain a warning agai nst certain types of reuse.

(b) The former contents and present vapor state of each tank
i ncl udi ng vapor-freeing treatment and date shoul d be
i ndi cat ed.

(c) The | abel should be sinmlar to the following in Iegible
letters at least two (2) inches high:

TANK HAS CONTAI NED LEADED GASCOLI NE*
NOT VAPOR FREE
NOT SUl TABLE FOR STORAGE OF FOOD OR
LI QUI DS | NTENDED FOR HUVAN OR ANI VAL
CONSUMPTI ON
DATE OF REMOVAL: NMONTH DAY/ YEAR

*Or other flammuabl e/ conbustible liquid. Use the applicable designation, for
exanpl e, DI ESEL.

(2) Tanks that have held | eaded motor fuels (or whose service
history is unknown) should also be clearly labeled with the
following information (see APl Publication 2015A for additiona
gui del i nes):
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TANK HAS CONTAI NED LEADED GASCLI NE
LEAD VAPORS MAY BE RELEASED | F HEAT
I'S APPLI ED TO THE TANK SHELL

(3)

(4)

(5)

(6)

Renove tanks fromthe excavation site as pronptly as possible
after vapor-freeing and sludge renoval procedures have been
conpl eted, preferably on the day of tank renoval fromthe
excavation. |If a tank remains at the excavation site overnight
or longer, additional vapor may be rel eased fromany liquid
absorbed in the tank walls or residues remaining in the tank.

Decont am nate the tank as indicated in Paragraph 13-2e and
Chapter 14 prior to renpval fromthe excavation site. Check
with a C@ to ensure that the LEL does not exceed 10 percent of
the LEL and the oxygen content of the tank atnosphere is not
greater than 8 percent.

Secure the tank on a truck for transportation to the storage or
di sposal site with the 1/8-inch vent hole |located at the

upper nost point on the tank. Tanks should be transported in
accordance with all applicable federal, state, and |oca
regul ati ons.

Store tanks in secured areas on the prem ses of persons famliar
with any attendant hazards and where the general public will not
have access. A fenced yard, separate fromother facilities, is
preferred.

Di sposal Criteria.

(1)

(2)

Tanks shoul d not be reused. Whether sold to a scrap dealer or
di sposed of at an approved facility, tanks must be cut into
smal | pieces smaller than 1.5n% (16 ft?. The dissection can
occur at the excavation site, at a centrally located contractor
staging area, or at a licensed tank deconmi ssi oni ng/ di sposa
facility. The contractor should subnmit the dissection nethod
and | ocation as part of the work plan.

Tanks that have been lined internally or coated externally wth
epoxy-based or simlar materials nay not be accepted by scrap
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processors. Prior inquiries should be nade as to the
requi rements of the scrap processor

c. Disposal Procedures.

(1) After a tank has been vapor-freed, render it unsuitable for
future use as a storage tank by puncturing or cutting with
nonspar k- produci ng nmet hods. The USACE-recomended practice is
cutting tanks into sections no larger than 1.5 nt (16 ft?).
Recycle or landfill only if scrap processors refuse to accept
the tank sections.

(2) Assign all tanks a unique identifier for all records and

reporting.

(3) Use a bill of sale to transfer tank ownership. This bill of
sal e should be submitted with the Tank Cl osure Report di scussed
in Chapter 1.

(4) Consult current federal, state, and |ocal regulations prior to
di sposal to determine if special procedures or preparations are
required.

(5) Physically clean netal tanks that are going to be sold as scrap
nmetal after they are inerted and cut open. C eaning can consi st
of high pressure or steamrinse, triple rinse, or
scrapi ng/ scrubbi ng. Methods are detailed in Chapter 14.

13-4. Waste Disposal and Recycling. Free product, sludge, and rinse waters

are typical wastes generated during tank renoval. Federal, state, and | oca
requi rements nust be followed for proper disposal. Options for managi ng
wast es generated during tank removal will be simlar to those discussed in

section 12-4 regarding tank contents.

13-5. Tank Coating Issues. The exterior of metal USTs are frequently coated
with coal -tar type coatings. Hi storical data indicates that the coating

mat eri al s occasionally contain hazardous substances such as asbestos,

pol ychl ori nated bi phenyls, |ead, and cadmium The presence of PCBs and
asbestos make it difficult to recycle the tanks as scrap netal. |If the
coating contains PCBs and/or asbestos that cannot be easily renoved because of
regul atory constraints or safety issues, it nay be nore cost effective to

di spose of the tanks within a chenical waste landfill.
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CHAPTER 14
SLUDGE REMOVAL PROCEDURES
14-1. Ceneral. This chapter describes the renmoval procedure for any
remai ni ng sludge in the underground storage tank (UST). This chapter
recomends but does not necessarily dictate the proper procedure for sludge

renoval in any given situation. Typically, the contractor is responsible for
assessing specific situations for the npst appropriate response.

14-2. Operations, Procedures., and Instructions.

a. Contractors, subcontractors, and enpl oyees responsible for sludge
removal should be famliar with

(1) Confined space entry (confined space should be avoided if at al
possi bl e).

(2) Al safety rules and regul ations (consult SSHP for specific
i nstruction/requirenments).

(3) Use of equiprment and procedures for renoving tanks.
(4) Handling and di sposal of the sludge likely to be encountered.
(5) APl Publications: 2003, 2015, 2217, and 2219.
b. Docunentati on.
(1) Use field | ogbook to record all activities perforned, personne
contacted, dates and tines when these activities were perforned,
field conditions, and any unusual circunstances.

(2) Keep information factual and objective.

(3) Enter information not recorded in the | ogbook on field forns.
In either case, record the follow ng information:

e Site identification

« Date and tinme specific activities took place
e Personnel nanes

e Field observations

Phot ographs are suggested. |If photos are taken, record name of
phot ographer, site name, canera type and |ens size, and genera
direction for enclosure in the Tank Cl osure Report.

c. Procedures. Mninmze activities requiring personnel entry into
tanks. However, when such entry is necessary, follow safety and
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health precautions for tank entry as outlined in Chapter 7 and
Appendi x E, Confined Space Entry, including the additiona
precautions necessary for tanks that have stored | eaded gasoli ne.

(1) Rerove sludge by various nmethods or by a conbination of nethods,
dependi ng on the construction of the tank and the nunber and
size of shell openings. These nethods are sunmarized in Table
14-1 and are discussed below. If at all possible, use
procedures that do not require tank entry.

(a) The preferred nethod of sludge renoval is to renove the end
wal | s of the tank. Renove the sludge by flushing it from
the tank with a high-pressure, |ow volunme water stream
col lect, and containerize it. This method eliminates
problems with confined space entry, explosive atnospheres,
and all ows easier cleaning of the tank. Any method of
renoving residual material that mnimzes the tinme that
wor kers nust spend inside the tank contributes to the safety
of the operation.

(b) The tank may be swept and washed down with a water-hose
stream

(c) The sludge may be washed or swept into piles and renoved
fromthe tank with buckets or wheel barrows.

(d) If necessary, any remaining |liquids may be renpved fromthe
tank with an absorbent, such as sawdust or spent clay, and
may be di sposed of as a solid waste.

(e) Vacuumtank trucks provide a fast and efficient nethod for
renovi ng and hauling sludge fromtanks. Follow these
gui del i nes when usi ng vacuum trucks:

. Be sure the area in which the vacuum tank truck
operates is vapor-free.

. Locate the truck upwind fromthe tank and outside
t he path of probable vapor travel

. Consi der vapor travel and sources of ignition where
sludge will be discharged fromthe vacuum truck

For specifics of vacuumtruck safety precautions and
operation, refer to Chapter 12.

14-3. Waste Disposal and Recycling. Sludges that cannot be vacuunmed shoul d
be transferred to a lined, 55-gallon drum or another suitable container
Smal | quantities of water may be added to the tank to facilitate renoval.
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TABLE 14-1
PROCEDURES FOR SLUDGE REMOVAL
Procedure Advant age Di sadvant age
Fl ushing with high M ni m zes confined Requires an outlet at
air pressure. space activities. t he bottom of the
Not | abor intensive. tank, or self-primng

punps, or steam or
wat er - oper at ed
eductor. |Increases
potential for static
charge buildup in the
nozzl e, which could
trigger an expl osion.

Flushing with water. Sane as above. No Sane as above, with
speci al equi prment is the potential for
required. creation of even

| arger waste
quantities.

Mechani cal | 'y M ni m zes waste Labor-intensive in a
sweepi ng or scraping quantity. No speci al confined space
into piles and equi pmrent i s envi ronnent .
renoving with required.
buckets.
Application of an Can be di sposed as a Ef fective for small
absor bent such as solid waste. quantities or
sawdust or spent residuals. |Increases
cl ay. waste quantity.
Material still has to
be mechanical ly
renmoved
Vacuum truck. M nim zes waste Area of truck
quantity. Mninizes operation nust be
confined space vapor - fr ee.

activities. Not
| abor -i nt ensi ve.
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Test tank sludge for hazardous characteristics outlined in 40 CFR 261 Subpart
C. The test results determne the requirements for the final disposal. At
some installations, disposal services nay be avail able through the I oca

Def ense Reutilization and Marketing Office (DRMO). This typically involves
conpletion of a turn-in docunent for each contai ner of hazardous waste as wel
as coordination either directly with the DRMO Contracting O ficer
Representative or coordination via the installation environmental office.
Suggest ed di sposal methods include cenment kilns, incineration

solidification, landfill disposal, or shipment to a tenporary storage and

di sposal facility.

Options for recycling of petroleumtank sludges are simlar to those discussed
in Section 12-4.

14-4. Reporting and Docunent ati on Requirenent s- Hazar dous WAst e.

a. Notification and Application. Al facilities that generate, store,
transport, treat, or dispose of hazardous wastes nust file a form
notifying the EPA. Unless notification has been given to EPA, waste
may not be stored, transported, treated, or disposed. Al facilities
that store, treat, or dispose of sludge nust apply for an EPA permt.

b. Devel opnent of a Plan. Each facility that generates sludge nust
devel op a plan for the storage, treatnment, and di sposal of its
sludge. |If storage, treatnment, or disposal is to occur onsite, the
facility is then considered to be the operator of a hazardous-waste-
managenment facility and nmust obtain a permt to operate such a
facility. A plan nust, therefore, be devel oped to operate the
facility. |If the facility decides to dispose of the sludge offsite,
no permt is required as long as the facility stores the material in
appropriate containers and ships it offsite within 90 days of
generation; however, 40 CFR 262. 34 specifies storage requirenments
bef ore shi pment.

c. Shipping Hazardous Waste. Before shipping RCRA hazardous waste to an
offsite facility, the facility that generated the waste is required
to prepare and sign a nmanifest that identifies the facility,
identifies the waste by its EPA and DOT hazardous waste nunber and
nane, identifies the offsite facility that will handle the materi al
and specifies the total quantity in the shipnment. The facility
shoul d be certain that the transporter and the selected facility have
EPA identification nunbers and pernits to engage in hazardous-waste-
managenment activities.

d. Docunentation. The regul ations inpose extensive recordkeepi ng and

reporting requirements. Facilities that generate sludge nust
mai ntai n copi es of all manifest docunents and records and nust al so
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submit annual reports. Additional reporting requirements are
detailed in 40 CFR 262, Subpart D and 40 CFR 268. 7.

Requi rements for Transporters. Persons engaged in the offsite
transportation of the sludge nmust conply with EPA's specific

regul ations for the transportation of hazardous wastes, which govern
notification, manifest, and recordkeeping. Persons transporting the
sl udge must al so conply with the DOT regul ations set forth in 49 CFR

State Prograns. RCRA authorizes the states to conduct their own
hazar dous-waste prograns in |lieu of the federal RCRA program Any
state whose program has been approved by EPA may itself carry out the
functions del egated to EPA under the act and may specify additiona
and nore rigorous requirenents. Consequently, facilities that
generate sludge and who plan to dispose of sludge should have their

pl ans reviewed by their state's environnental agency to ensure
conpl i ance.

Specific Facility Standards. Specific requirenents governing
storage, treatnent, and disposal of hazardous wastes are updated
continually by EPA, and operators should consult the nost up-to-date
publications for details about itens such as security, nonitoring,
contingency plans, and energency procedures.
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CHAPTER 15

SO L REMOVAL, FREE- PRODUCT REMOVAL, AND BACKFI LLI NG PROCEDURES

15-1. Ceneral. This chapter discusses the procedures for excavation of soils
and any associ ated free product when snmall quantities of hydrocarbon-
contam nated soils require treatment or disposal. An exanple is renoval of

soils when small rel eases have occurred and are confined to the tank
excavation; these soils can be renoved or treated onsite. The anpunt of soi
to be removed is dictated by the volunme of rel eased hydrocarbon, the depth and
area of |iquid hydrocarbon penetration, the ease with which the soil can be
renoved and properly treated, available funding, and the state or |oca

regul atory requirenents.

Thi s gui dance is only intended for renoving small, reasonabl e amunts of
contam nated soil and free product in the excavation. Refer to Chapter 5 for
the definition of contami nated soil. |If it appears that extensive

contam nation is present that cannot be cleaned up by the provisions described
inthis EM the reader should proceed with corrective action plan procedures.

15-2. Precautions. Keep the follow ng precautions in mnd

a. Petrol eumcontam nated soil may be flanmabl e or conmbustible and can
be a source of potentially explosive vapor. Care nust be taken, both
during and foll ow ng excavation, that vapor or liquid fromthe soi
is not allowed to accunmulate in a confined area and pose a fire or
expl osi on hazard.

b. Digging should be done with extrene care to avoid sparking from
stones and igniting the product.

c. Equi pment shoul d operate slowy, with due regard for the danger of
explosion. In certain circunstances, noving the earth may ventilate
the saturation area sufficiently to relieve the vapor concentration,
al l owi ng novenment and activity to proceed safely.

d. If the soil is to be stored onsite after excavation, cover or store
in a bernmed or otherw se contained area (such as stored on and
covered by polyethyl ene sheets) so that |eached petrol eum product
cannot be released into surrounding soil, surface water, or
groundwat er .

e. The contractor should have spill response materials avail able as
requi red by gui de spec 02120 referenced i n paragraph 1-4.

f. OFfsite transport and di sposal of contam nated soil must be in
accordance with state and | ocal regulations. Excavation of
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contam nated soil creates increased exposure potential for site
personnel, the public, and the environment.

g. In confined spaces, air-vapor concentrations should be nonitored to
ensure that hazardous |evels are not reached.

15-3. Equi prent .

a. Soil. Transportation of contam nated soil requires conventiona
eart h- movi ng equi prent .

Many types of equi pment are avail able for excavation, |oading, and
renoval of soils. Standard construction equiprment is typically

enpl oyed, but consider factors such as safety, depth of

contam nation, and soil stability. Backhoes with 0.38 n? (0.5 CY)
capacity have a maxi numreach of 8 neters (26 feet) and a maxi mum
excavation depth of 5 nmeters (16 feet). Larger backhoes with 2.7 n?¥
(3.5 CY capacity) have the ability to renpove soils at depths of up to
14 meters (45 feet) at nmaxi mum di ggi ng angl es of 45 degrees.

The maj or hauling cost factor is the distance to the disposal
facility. Site-specific conditions, community and interstate

rel ati ons, and regul atory neasures affect disposal costs. In sone
states the contam nated soils are considered a special hazardous
wast e and rmust be handl ed, haul ed, and di sposed of accordingly.

b. Free Product. Free product nay be renoved using positive
di spl acement punps or vacuumtrucks. In sone instances, if the
amount of free product is small, absorbent boons may be used to
coll ect the product. Additional guidance on the recovery of free
product may be found in EPA/510/ R 96/ 001

15-4. Soil Renoval. Excavation guidelines include the follow ng:

a. Excavate the hole downward and outward in consultation with the
governi ng agency or Environmental Coordinator

b. Proceed until all the soils contam nated above regulatory linits have
been renoved or until a reasonable anpbunt of excavation has occurred.
The desi gner shoul d specify a maxi mum cubi ¢ yardage of contam nated
soi | excavation fromeach tank area w thout prior approval fromthe

contracting officer's representative (COR). |If a mininumadditiona
amount of contaninated soil requires renmoval to result in a clean
closure, the contractor will obtain approval fromthe COR to perform

t he additional excavation. The bid formcan identify a m nimum
quantity of soil to be renpved with a second quantity of soil to
cover a worst-case scenario.
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Perform appropriate verification testing in accordance with the I A
requirenments if w despread contamination is present.

Backfill the excavation with clean fill. Cean fill is typically
defined as fill that has no evidence of contanination, or has
contam nation levels belowregulatory limts. The | A nust be
consulted to define the requirements of clean fill.

See Chapter 16 for nore details. These excavations will be done
safely according to the |ocal codes and regul ati ons governi ng safe
excavations and EM 385-1-1 and 40 CFR 1926. 650-1926. 653. Table 15-1
provides an estimated quantity of soil that is typically renmoved from
an UST excavation based on tank size.

Contam nated Soil. |If the soil in the excavation is contani nated,
foll ow these steps:

(1) Prepare an area to store the excavated soil. This can be
achi eved by placing 6-m| or heavier polyethylene sheeting on
t he ground and pl aci ng excavated soil on top. This prevents
contam nants in the excavated soils frommgrating into the
uncont am nated soils.

(2) Cover this stockpile after work each day by a sinmilar sheet of
pol yet hyl ene to protect the excavated soils frominfiltration
due to precipitation and to hel p contain vapors rel eased.

(3) Make provisions to divert surface runoff fromsoil stockpil es,
as well as surface runon, to reduce the anmpunt of contam nated
wat er .

(4) An alternative method, and in sone areas a requirenent, is to
pl ace the excavated soils directly into 55-gallon druns.
Coordinate with the | ocal inplenenting agency regardi ng approved
stockpil i ng procedures.

Sanpling. After tank renoval has been conpleted, the soil in the
bottom of the excavation should be sanpled according to federal and
state requirenents.

(1) Take these sanples, at a mininum fromthe bottom of the
excavation fromthe end | ocations of the tanks (see Chapter 6).
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TABLE 15-1
Estimated Quantity of Soil to be Removed by Tank Size (Average)
Tank Size Tank Diameters Tank Length Excavation Size Volume of Tank Estimated Soil Excavated
liters (gallons) meters (feet) meters (feet) cubic meters (Bank CY) CM (CY) CM (Bank CY)
1,890 (500) 1.22 (4.00) 1.83 (6.00) 31 (40) 2.13(2.79) 28.5 (40)
3,780 (1,000) 1.22 (4.00) 3.50 (11.50) 46 (60) 11.41 (5.35) 40.5 (55)
7,570 (2,000) 1.93 (6.33) 2.80(9.17) 61 (80) 8.18 (10.70) 52.0 (70)
11,350 (3,000) 1.93 (6.33) 4.17 (13.67) 76 (100) 12.18 (15.93) 65.5 (85)
15,140 (4,000) 1.93 (6.33) 5.18 (17.00) 92 (120) 15.15(19.81) 76.0 (100)
18,925 (5,000) 2.44 (8.00) 4.32 (14.17) 103 (135) 20.16 (26.37) 84.0 (110)
22,700 (6,000) 2.44 (8.00) 5.05 (16.58) 115 (150) 23.60 (30.87) 93.0 (120)
30,280 (8,000) 2.44 (8.00) 6.73 (22.08) 145 (190) 31.43 (41.11) 113.0 (150)
37,850 (10,000) 2.90 (9.50) 6.02 (19.75) 165 (215) 39.64 (51.85) 124.0 (160)
45,420 (12,000) 2.90 (9.50) 6.91 (22.67) 183 (240) 45.50 (59.51) 137.0 (180)
56,780 (15,000) 2.90 (9.50) 9.07 (29.75) 230 (300) 59.71 (78.10) 168.0 (220)
75,700 (20,000) 2.90 (9.50) 11.51 (37.75) 279 (365) 75.77 (99.10) 202.5 (265)
Assumptions:
1. Amount of fill over tank is 1 meter (3 feet).
2. Soil around perimeter of tank to be excavated is 1 meter (3 feet) (the width of a backhoe bucket).
3. Stained soil under tank extends down 0.7 meters (2 feet).
4. Tank volume calculation does not account for domed ends.
5. Formulafor excavation size:

((tank diameter + 5ft)* (tank length + 6 ft)* (tank diameter + 6 ft))/27 CF/CY (Conversion from CY to CM is 0.76455).

6. Formulafor tank volume:
(Tank | ength*pi *tank di ameter”~2/4)/27CF CY

(Conversion fromCY to CMis 0.76455).
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(2) Take sanmples with a backhoe and containerize in small vessels,
such as a plastic bag or jar for field testing as detailed in

Chapter 6. These tests will characterize the extent of
cont am nati on and subsequent excavation and help in the
segregation of clean and uncontam nated soils. It nust be noted

that these field tests are not a substitute for the |aboratory
analytic tests that nust be done. Field tests are used to
differentiate between clean soils and those that are suspected
to be contam nated.

(3) Subnit sanmples for analytic tests. Laboratory confirmation
based on sanmples coll ected from excavation bottons and soi
stockpiles is necessary in nost states to confirmclean closure.
Check with the I A for specific requirenents.

Landfilling Requirements. A conmon renedial action for excavated
soi |l s has been disposal in landfills. Varying interpretations exist
regardi ng cl assification of hydrocarbon-contam nated soils as
hazardous or nonhazardous. Levels of contaminants allowable for

[ andfilling under applicable regulations nmust be determned in
devel opi ng a sound di sposal strategy.

Onsite Treatnent. Various treatnment and di sposal options for
excavated soil containing petrol eum hydrocarbons are avail abl e but
deci si ons nust be based on and in accordance with state and | oca
regul ations. Treatnment of soils may require an air permt for

vol atil e organic conpounds fromthe state agency that has
jurisdiction. The nmethods of onsite treatnment and soil replacenent
di scussed bel ow can be viable if approved by the regul atory agenci es.
Refer to EPA/ 530/ UST-88/001 for additional information.

(1) Land treatnent (landfarmng). Land treatment is a process by
whi ch contani nated soils are renoved and spread over an area to
enhance naturally occurring processes such as bi odegradati on and
volatilization. A centralized |location, such as a landfill,
airfield, or other isolated |ocation should be used for |and
treat nent.

(2) Aeration/enhanced volatilization. Soil aeration by m xing and
exposure to air can reduce hydrocarbon concentrations to
acceptable levels. This process may be as sinple as overturning
the soils with excavation equipnment, tillers, or shakers to
i ncrease volatilization or enhanci ng vapor renoval by forced or
passive venting with an engi neered venting system
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(3) Thermal treatnent. |Incineration and high tenperature stripping
of residual hydrocarbons are nmethods enpl oyed in sone
circunstances for the onsite treatment of soils. Treatnent
costs and local air quality regulations are najor factors
controlling the use of these techniques. Exanples of thernal
treat ment technol ogi es include | owtenperature thermnal
desorption or asphalt kilns. Wen an asphalt kiln is used, the
unit should be proven clean prior to processing any soil

(4) Isolation/containnment. Isolation/containment is a process in
whi ch the inpacted soils are isolated through the use of caps,
slurry walls, grout curtains, or cutoff walls.

(5) Soil slurry bioreactor. The soil-slurry-bioreactor process
entails mxing a variety of agents into the soil to encourage
m crobial activity.

j. Asphalt Incorporation. Asphalt incorporation is a process whereby
soi |l s containing residual hydrocarbons are incorporated into hot
asphalt mixes as a partial substitute for aggregates. During the
heating of the m xture, the nore volatile conponents are vapori zed,
and the remini ng conpounds are incorporated into the asphalt
m xture. This alternative is normally a viable disposal option only
when an asphaltic paving project is ongoing within the project area.
An active project is normally necessary to |lead to a demand for the
contam nated soil material as an asphalt adm xture.

k. Excavation Liner. |In sonme instances, a 6-m| liner is placed in the
excavation and then the contaminated soil is placed back in the
excavation. Check with the A prior to using this nethod.

15-5. Free-Product Renoval. Free product should be renoved, not for
renmedi ati on purposes, but to prevent further danage to the environment. |If
possi bl e, the excavation should be sloped to allow pooling of the free
product. A punp or vacuumtruck can then be used to renpve the free product
fromthe excavation. Refer to Chapter 12 for operation of product renoval
equi prent and waste di sposal

15-6. Backfill, Conpaction, and Testing.

a. Backfilling.

(1) Coordinate with the customer concerning the option of |eaving
excavations open pending the return of |aboratory test results.
Laboratory turn-around time plays a critical role in the
duration that an excavation nust be left open. |If field
analysis is allowed by the regulatory authority, this wll
reduce or elimnate turn-around time concerns.
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(2) Secure open excavations and stockpile areas while awaiting
confirmation test results.

(3) Backfill excavations imrediately after confirmation test results
have been approved. |If contam nated material renoval is part of
a larger project, suitable backfill material, as well as topsoi
and grading requirements are specified in CEGS 02221-Excavati ng,
Filling, and Backfilling for Buildings or CEGS 02222- Excavati ng,
Filling and Backfilling for Utility Systemns. In situations
that involve only tank renmoval, grading, backfill, and

conpaction should be addressed in CEGS 02115- Renoval of
Under ground Storage Tanks. Special information concerning
al | owabl e contam nant | evels should be included in those
specifications if used.

b. Backfill Mterial. In nany cases, the degree of engineering contro
of the materials used as backfill may not need to be as stringent as
descri bed bel ow. In other cases, such as under pavenents, specia
conpaction and material requirements may apply, and the
specifications will need to be revised to address these specia
requi rements or another specification section should be referenced.

(1) Obtain backfill material froma |ocation defined by the user or
if using an off-site source, verify through analytical testing
to ensure contami nation is not present above regulatory |evels
for suitable backfill.

(2) Test off-site backfill for contam nation in accordance w th CEGS
01450- Chemi cal Data Quality Control. Backfill should be
classified in accordance with ASTM D 2487 as GWN GP, GM CC, SW
SP, SM SC, M4, CL, or CH and should be free fromroots and
other organic matter, trash, debris, snow, ice or frozen

materials. |If off-site backfill is used, soil classification
test results should be approved prior to bringing the materia
on-site.

(3) Test backfill material for Atterberg Iimts ASTM D 4318, grain-

size distribution, and conpaction characteristics ASTM D 698,
ASTM D 1557 at a frequency of once per 3,000 cubic nmeters (3,000
cubic yards) or a mninmum of one test per borrow source. Of-
site backfill should not be used until chem cal and physica

test results have been submitted and approved.

c. Compacti on.
(1) Place approved backfill in developed areas in lifts with a

maxi mum | oose t hi ckness of 200 nm (8 inches), conpacted to 90
percent maxi mum dry density for cohesive soils, or 95 percent
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maxi mum dry density for cohesionless soils in accordance with
ASTM D 698 or D 1557.

(2) Performdensity tests at a frequency of once per 930 square
meters (10,000 square feet) per lift. A mnimmof one density
test should be performed on each Iift of backfill placed. In
open areas w thout special conpaction requirenments, a nmaximum
density of 85 percent using 300-mm (12-inch) lifts will be
acceptable. A nethod specification is also frequently used in
whi ch a prescribed nunber of passes using a specified piece of
equi prent i s required.

d. Density Testing. Determine field in-place dry density in accordance
with ASTM D 1556, ASTM D 2167, or ASTM D 2922. If ASTM D 2922 is
used, a minimum of one in ten tests nust be checked using ASTM D 1556
or ASTM D 2167.

15-7. Special Waste Requirements. Though petrol eum contaninated soils that do
not exhi bit a RCRA hazardous waste characteristic are not subject to hazardous
wast e regul ation, many states may still regulate themas “special wastes.”
Typically, these soils are either placed in special waste nanagenment units or
are treated to below certain concentration |evels before final disposal

| mpl ementi ng agencies may al so be able to assist in identifying any specia
handl i ng requirements. Consult individual state regulations. A list of
contacts is provided in Appendix B
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CHAPTER 16
S| TE RESTORATI ON PROCEDURES
16-1. Ceneral. This chapter identifies procedures and sources of information
you wi Il find hel pful when selecting the appropriate corrective action for a

particular UST site. Both soil and water contanination are addressed using
in-situ and ex-situ renmedi ation options. Contact the facility coordinator to
det erm ne uni que site-specific requirenents.

16-2. Soil Renediation Processes. Studies in the literature use different
nonencl ature to describe renmedi ati on nmethods. A recent EPA study classified
the primary technologies into five categories.

a. In-Situ Treatnment. In-situ treatnent includes technol ogies such as
vapor extraction, volatilization, air/vacuumextraction, in-situ soi
venting, in-situ biorenediation, isolation/containment, and passive
remedi ati on.

b. Landfilling. This nmethod includes all options using |andfil
di sposal

c. Land Treatment. Land treatnent includes |andfarm ng, ex-situ
bi orenedi ati on, |and application, |and spreadi ng, passive aeration
aeration, and ex-situ soil venting.

d. Thermal Treatnment. Thermal treatnent includes incineration, |ow
tenmperature thermal stripping, and treatnent in asphalt plants.

e. Oher. This category enconpasses all other technol ogies such as soi
washi ng, solidification/stabilization, or other technol ogies that do
not fit into the other categories |isted.

f. Selected references are as foll ows:

(1) Pope and Matthews. Biorenediation Using the Land Treat nment
Concept, EPA 600/ R-93/164. August 1993.

(2) Bioventing Performance and Cost Summary. Air Force Center for
Envi ronment al Excel | ence. July 1994.

(3) Guide for Conducting Treatability Studies Under CERCLA:
Bi odegradati on Renmedy Sel ecti on, EPA/540/R-93/519a. August 1994.

(4) “Quick Reference Fact Sheet.” Guide for Conducting Treatability

St udi es Under CERCLA: Bi odegradati on Renmedy Sel ection,
EPA/ 540/ R- 93/ 519b. August 1994.
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(5) Leeson, A and Hinchee, RE , et al. “Principles and Practices
of Bioventing.” Volume 1: Bioventing Principles EPA/ 540/ R-95/534a
Col umbus: Battelle Menorial Institute.

(6) Leeson, A and Hinchee, RE , et al. “Principles and Practices
of Bioventing.” Volune 2: Bioventing Design EPA/ 540/ R- 95/ 534b.
Col umbus: Battelle Menorial Institute.

(7) Technol ogi es and Options for UST Corrective Actions: Overview of
Current Practice, EPA/542/R-92/010. August 1992.

(8) U S. Air Force Renediation Handbook for POL-Contaninated Sites,
U S. Air Force. Decenber 1993.

(9) Soil Vapor Extraction and Bioventing, EM 1110-1-4001

g. Survey of Renediation Practices. The findings froma 1992 22-state
survey (EPA/542/R-92/010) of petrol eum contani nated soi
treat ment/di sposal practices revealed landfilling as the primary
corrective action nmethod used at 55 percent of the sites surveyed,
followed by in-situ treatnent at 19 percent, thermal treatment at 13
percent, land treatnment at 11 percent, and other technol ogies at 2
percent.

Thermal treatnment using asphalt plants was used at 61 percent of the
sites, followed by |owtenperature thermal treatnent at 39 percent
and incineration at less than 1 percent of the sites.

Land treatnent corrective action sites npst often used aeration (50
percent), followed by land farmng (36 percent), and | and application
(13 percent).

Approxi mately 37 percent of the corrective action sites reported
requi red some sort of groundwater corrective action as well

I nformati on addressing renedi ati on of groundwater sources is included
i n paragraph 16-4.

16-3. Backfill. Begin backfilling only after authorization fromthe

Envi ronment al Coordi nator or | A and after the excavati on area contam nants are
determ ned to be bel ow the renedi ati on concentrations. This authorization
shoul d be issued within 24 to 48 hours after excavating is conplete to allow
time for laboratory analysis of the soils. Some exceptions should be noted,
such as A regulations and proximty to residential areas or other areas with
restricted access.
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Met hods. I ndividual site conditions will determine the nethods of

backfill. Sone of the options are detail ed bel ow.

(1) Backfill clean holes (as determined by |ab anal yses) with clean
fill.

(2) Leave potentially contam nated holes open until confirmation
sampl ing results have been obtai ned.

(3) Backfill potentially contam nated hol es with granul ar backfil
whil e awai ting analytical results in areas where safety is a
concern.

(4) Place polyethylene liner in contam nated holes prior to
backfilling.

(5) Backfill all holes with granular backfill regardl ess of
cont ani nati on.

(6) Leave heavily contam nated hol es open. The | A and the
Envi ronment al Coordi nator nust be contacted to deternine the
best option for the site.

Backfill.

(1) Use backfill as specified in CEGS Section 02315- Excavati on,
Filling, and Backfilling for Buildings or Section 02316-
Excavation, Filling, and Backfilling for Utilities Systemns.

(2) Performdensity tests by an approved conmmercial testing
| aboratory or by facilities furnished by the contractor

(3) Determ ne noisture density relations in |aboratory tests in
accordance with ASTM D 1557, Method B, C, or D or ASTM D 3017.

(4) Determine field in-place density in accordance with ASTM D 1556,
ASTM D 2167, or ASTM D 2922.

(5) Material. The source of backfill material nust be determined to
be free of contam nation through chem cal analysis prior to
pl acenent of clean fill in the excavated area.

(6) Exceptions. |If the soil excavation sanple results indicate the

site is not renediated, yet the limts of practical excavation
have been reached, place a 6-m | or heavier polyethyl ene
sheeting in the hole prior to backfilling. This polyethylene

16-3



EM 1110-1
30 SEP 98

16-4. &

- 4006

sheeting will allow clean backfill placed in the hole to remain
free of contam nation.

Grading. All areas disturbed by construction nust be uniformy
snmoot h graded. The finished surface shoul d be reasonably snooth,
conpacted, free fromirregular surface changes, and maintai ned free
of trash. Prepare surface for seeding or asphalt/concrete as

requi red and specified in applicable USACE gui de specifications.

oundwat er Renedi ati on Processes. This section presents corrective

action te

chnol ogi es for the renoval of free product and for renediation of

petrol eum cont am nat ed groundwat er.

a.

Free- Product Recovery. There are typically two approaches for
recovery of free product: trench systenms and wells. The choice is
usual | y based on site specific conditions. After collection, the
free product is separated fromthe groundwater and di sposed of or
recycled. The remnaining petrol eum contamn nated groundwater is
treated using a variety of nethods and discharged to a publicly owned
treat ment works (POTW or discharged to the environment. Specific

t echnol ogi es include ski mers, ol eophilic-hydrophobic separators,
free-product recovery with water table depression, vapor

extraction/ groundwat er extraction, dual phase (liquid and vapor)
recovery, and oil-water separation. Wichever option is selected, a
permt to discharge must be negotiated with the I A

Groundwat er Reredi ation. Groundwater remnedi ation can be acconplished
either in-situ or ex-situ depending on the site characteristics. In-
situ nmethods are preferred, if possible, and include such nethods as
air sparging, intrinsic remediation, and introduction of oxygen or
nutrients.

The second, nore conventional ex-situ nethods include conventiona
punp- and-treat processes such as granul ar activated carbon (GAC) and
air stripping, which are easily nobilized and readily available from
a variety of suppliers in close proximty to nost sites. Many tines
air stripping and GAC are used together to prolong the Ilife of the
carbon. Oher options for ex-situ treatment include ultraviolet

oxi dation, biological treatment, or sinply discharging to a POTW

Sel ected references are as foll ows:

(1) deanup of Rel eases From Petrol eum USTs: Sel ected Technol ogi es,
EPA/ 530/ UST- 88/ 001. April, 1988.

(2) Diagnostic Evaluation of In-Situ SVE-Based System Performance,
EPA/ 600/ R-96/ 041, NTI S PB96-163537. March, 1996.
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(3) Engineer Design of Free-Product Recovery Systens,
EPA/ 600/ R-96/ 031, NTI S PB96-153556. 1996.

(4) Howto Effectively Recover Free Product of Leaking UST Sites,
EPA/ 510/ R- 96/ 001. Septenber, 1996.

(5) In-situ Air Sparging, EM 1110-1-4005

(6) In-Situ Air Sparging: Evaluation of PetroleumIndustry Sites and
Consi derations for Applicability, Design and Operation, API

Publ i cati on Nunmber 4609. Anerican PetroleumInstitute. April, 1995.

(7) In-Situ SVE-Based Systens for Free-Product Recovery and Resi dual
Hydr ocarbon Renoval, EPA/600/R-96/042, NTIS PB96-163605. 1996.

(8) Renediation Technol ogi es Screening Matrix and Reference Guide,
EPA/ 542/ B- 94/ 013, NTI S PB95-104782. COctober, 1994.

(9) Rifai, H'S “Mdeling Natural Attenuation Using Bioplume I1/11]I
Model ,” Presentation at the U.S. Air Force Center for Environmental
Excel | ence, Environmental Restoration Technol ogy Transfer Synposium
Novenber, 1994.

(10) Standard Guide for Corrective Action for Petrol eum Rel eases,
ASTM E 1599. 1994.

(11) sStandard CGuide for Risk Based Corrective Action Applied at
Petrol eum Rel ease Sites, ASTME 1739. 1995.

(12) Test Plan and Technical Protocol for Bioslurping. AFCEE,
Technol ogy Transfer Division. Draft copy. January 30, 1994.

(13) Technical Protocol for Inplenmenting the Intrinsic Renediation
with Long-Term Monitoring Option for Natural Attenuation of

Di ssol ved- Phase Fuel Contam nation in Groundwater. AFCEE. 1994.

(14) Soil Bentonite Slurry Trench Cutoff, Corps of Engineers Civil
Wor ks Gui de Specification (CWGS) 02214.

(15) Chemical Feed Systems, Corps of Engineers Gui de Specification
(CEGS) 11242.

(16) Water Softeners, Cation Exchange (Sodium Cycle), CEGS 11250.

(17) Air Stripping Systems, CEGS 11301.
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(18)
11390.

(19)
(20)

(21)
02160.

(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)

Wast e Di

Pref abri cated Bi ochem cal Wastewater Treatment Plant, CEGS

Low Perneability Clay Layer, CEGS 02377.
Soil-Bentonite Slurry Trench for HTRW Projects, CEGS 02260.

Solidification/Stabilization of Contam nated Material, CEGS

Groundwat er Mnitoring Wells, CEGS 02522.

Pi pi ng; Of-Gas, CEGS 02150.

Fans/ Bl ower s/ Punps; O f-Gas, CEGS 11215.

Downf | ow Li quid Activated Carbon Adsorption Units, CEGS 11225.
Cheni cal Feed Systems, CEGS 11242.

Air Stripping Systens, CEGS 11301

Plate and Frane Filter Press System CEGS 11360.
Filtration System CEGS 11393.

Vapor Phase Activated Carbon Adsorption Units, CEGS 11226.
Advanced Oxi dation Processes (AOP), CEGS 11377.

Thermal (Catalytic) Oxidation Unit, CEGS 11378.

sposal . Disposal requirements are identified in Chapters 12
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APPENDI X A

REFERENCES

Acci dent Prevention

Requl ati ons

29

29

29

40

40

40

40

40

40

40

49

CFR

CFR

1910

1910. 120

1926

260

261

262

263

266

268

280

Subtitle B

General |ndustry Standards

Hazardous WAaste Site Operations and Enmergency
Response

Construction | ndustry Standards
Hazar dous WAst e Managenment System  Genera
Identification and Listing of Hazardous Waste

St andards Applicable to Generators of Hazardous
Wast e

St andards Applicable to Transporters of Hazardous
Wast e

St andards for the Managenent of Specific Hazardous
Wast es and Specific Types of Hazardous Waste
Management Facilities

Land Di sposal Restrictions

Techni cal Standards and Corrective Action
Requi rements for Owners and Operators of
Under ground St orage Tanks (UST)

Chapter | Research and Special Prograns
Admi ni stration, Department of Transportation
(Parts 100-199)
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49 CFR Subtitle B Chapter II1 Federal H ghway Adm nistration,
Depart ment of Transportation (Parts 390-399)

Envi ronnental Protecti on Agency (EPA)

EPA QA/ G 5 EPA CGui dance for Quality Assurance Project Plans

EPA QA/R-5 EPA Requirements for Quality Assurance Project Plans
for Environnental Data Operations

EPA/ 510/ B- 97/ 001 Expedited Site Assessnent Tools for Underground
Storage Tank Sites

EPA/ 510/ B- 97/ 004 Li st of Leak Detection Evaluations for UST Systens

EPA/ 510/ R- 96/ 001 How to Effectively Recover Free Product At Leaking
Under ground Storage Tank Sites

EPA/ 530/ UST- 88/ 001 C eanup of Rel eases from Petrol eum USTs:
Sel ect ed Technol ogi es

EPA/ 530/ UST- 90/ 004 Standard Test Procedures for Evaluating Leak
Det ecti on Methods: Vol unetric Tank Ti ght ness
Testing Met hods

EPA/ 530/ UST- 90/ 005 Standard Test Procedures for Evaluating Leak
Det ecti on Met hods: Nonvol unetric Tank Ti ght ness

Testing Met hods

EPA/ 530/ UST- 90/ 101 Standard Test Procedures for Evaluating Leak
Det ecti on Met hods: Pipeline Leak Detection Systens

EPA/ 530/ SW89-031 RCRA Facility Investigation (RFl) Guidance

EPA/ 540/ G- 91/ 009 Managenment of |nvestigation-Derived Wastes During
Site Inspections

EPA/ 540/ P- 87/ 001 A Compendi um of Superfund Field Operations Methods

EPA/ 540/ P- 91/ 005 Conpendi um of ERT Surface Water and Sedi nment
Sanpl i ng Procedures



EPA/ 540/ P- 91/ 007

EPA/ 540/ P- 91/ 008

EPA/ 540/ R- 93/ 519

EPA/ 540/ R- 95/ 534

EPA/ 540/ S- 93/ 503

EPA/ 540/ 2- 91/ 003

EPA/ 542/ B- 94/ 013

EPA/ 542/ R- 92/ 010

EPA/ 600/ 2- 80/ 018

EPA/ 600/ 7- 84/ 064

EPA/ 600/ 2- 86/ 001

EPA/ 600/ 2- 90/ 011

EPA/ 600/ 4- 84/ 076

EPA/ 600/ 8- 87/ 036

EPA/ 600/ R- 96/ 031
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Conpendi um of ERT Groundwat er Sanpling Procedures

Conpendi um of ERT Waste Sanpling Procedures

Gui de for Conducting Treatability Studies Under
CERCLA: Bi odegradati on Renedy Sel ection

Principles and Practices of Bioventing

Groundwat er |ssue (Feb. 93); Suggested Operating
Procedures for Aquifer Punping Tests

Soi | Vapor Extraction Technol ogy Reference Handbook

Renedi ati on Technol ogi es Screening Matrix and
Ref erence Gui de

Technol ogi es and Options for UST Corrective Actions:
Overvi ew of Current Practice

Sanpl ers and Sanpling Procedures for Hazardous
Waste Streans

Geophysi cal Techni ques for Sensing Buried Wastes and
Waste M gration

Under ground Tank Leak Detection Methods: A State-of-
the-Art Review

Assessing UST Corrective Action Technol ogies: Site
Assessnent and Sel ection of Unsaturated Zone
Treat ment Technol ogi es

Characteri zati on of Hazardous Waste Sites-A Methods
Manual : Volume 1. Avail abl e Sanpling Methods

Soil Gas Sensing for Detection and Mappi ng of
Vol atil e Organics

UST Corrective Action Techol ogi es: Engineering
Desi gn of Free-Product Recovery Systens



EM 1110- 1- 4006
30 SEP 98

EPA/ 600/ R- 96/ 041 Assessing UST Corrective Action Technol ogi es:
Di agnostic Evaluation of In-Situ SVE-Based System
Per f or mance

EPA/ 600/ R- 96/ 042 In-Situ SVE-Based Systenms for Free-Product Recovery
and Resi dual Hydrocarbon Renoval

EPA/ 625/ 9- 89/ 009 Vol unmetric Tank Testing: An Overview

EPA/ 625/ R- 92/ 007 Use of Airborne, Surface, and Borehol e Geophysi cal
Techni ques at Contam nated Sites: A Reference
Gui de

EPA/ 600/ R- 93/ 164 Bi or enedi ati on Using the Land Treat ment Concept

EPA 600/ 4-79- 020 Met hods for Chemi cal Analysis of Water and Waste
(1983)

EPA SW 846 Test Methods for Evaluation of Solid Waste (1986)
(including all pronul gated updates)

Departnent _of the Air Force

Air Force Institute (AFl) 32-4002 Hazardous Material Emergency Pl anning
and Response Conpli ance

Air Force Institute (AFl) 32-7002 Environnmental |nformation Managenent
System

Renedi ati on Handbook for POL-Contani nated Sites (Decenber 1993)

Techni cal Protocol for Inplementing the Intrinsic Remediation with
Long- Term Monitoring Option for Natural Attenuation of Dissol ved-Phase
Fuel Contam nation in G oundwater, AFCEE (1994)

Test Plan and Technical Protocol for Bioslurping, AFCEE

Bi oventi ng Performance and Cost Sunmary, AFCEE

Departnent of the Arny

AR 200-1 Envi ronnental Protecti on and Enhancenment

A4



AR

ER

ER

ER

ER

EP

EP

EP

EP

385-40

200-2-3

385-1-92

1110-1- 263

1180-1-6

200-2-3

415-1-260

415-1-261

415-1-266

EM 200-1-1

EM 200-1-2

EM 200-1-3

EM 200-1-6

EM 385-1-1

EM 1110-1-1802

EM 1110-1- 1906
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Acci dent Reporting and Records
Envi ronment al Conpl i ance Policies
Saf ety and COccupati onal Health Docunent Requirenments

for Hazardous, Toxic, and Radi oactive Waste
(HTRW and Ordnance and Expl osive Waste

(CEW Activities

Chemnical Data Quality Managenent for Hazardous,
Toxi ¢, and Radi oactive Waste Renedi al Activities

Construction Quality Managenent

Envi ronment al Conpl i ance Operations and Mi ntenance
Procedur es

Resi dent Engi neer's Managenent Gui de
Qual ity Assurance Representatives Guide

Resi dent Engi neer’s Managenent Guide for
HTRW Pr oj ect s

Val i dation of Analytical Chemistry Laboratories
Techni cal Project Planning (TPP) Process

Requi rements for the Preparation of Sanpling and
Anal ysi s Pl ans

Chemical Quality Assurance for HTRW Projects
Saf ety and Heal t h Requirenents Manua

Geophysi cal Exploration for Engineering and
Envi ronment al | nvestigations

Soi | Sanpling



EM 1110- 1- 4006

30 SEP 98

EM 1110- 1-4000

EM 1110-1-4001

EM 1110- 1- 4005

CEGS

01351

01450

02115

02120

02150

02160

02214

02260

02315

02316

02377

02522

11215

11225

11226

11242

Moni toring Well Design, Installation, and
Docurent ati on at Hazar dous, Toxic and/or
Radi oactive Waste Sites

Soi | Vapor Extraction and Bi oventing

In-Situ Air Sparging

Safety, Health, and Emergency Response
( HTRW UST)

Chemnical Data Quality Control

Under ground Storage Tank Renoval

Transportation and Di sposal of Hazardous Materials

Pi pi ng; Of-Gas

Solidification/Stabilization of Contam nated
Mat eri al

Soil Bentonite Slurry Trench Cutof f

Soil-Bentonite Slurry Trench for HTRW Projects

Excavation, Filling, and Backfilling for Buildings
Excavation, Filling, and Backfilling for Utilities
Syst ens

Low Perneability Clay Layer

Ground-water Monitoring Wells

Fans/ Bl ower s/ Punps; O f - Gas

Downf | ow Li qui d- Acti vated Carbon Adsorption Units

Vapor Phase Activated Carbon Adsorption Units

Cheni cal Feed Systens
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CEGS 11250 Wat er Softeners, Cation Exchange (Sodium Cycle)
CEGS 11301 Air Stripping Systens
CEGS 11360 Plate and Frane Filter Press System
CEGS 11377 Advanced Oxi dation Processes (AOP)
CEGS 11378 Thermal (Catalytic) Oxidation Unit
CEGS 11390 Pref abricated Bi ochem cal Wastewater Treatnment

Pl ant
CEGS 11393 Filtration System
CEMP- RF Pol i cy Guide for Underground Storage Tanks (USTS)
Menor andum on Formerly Used Defense Sites (FUDS), July 31,

1990
NI OSH OSHA/ Qccupational Safety and Heal t h Gui dance Manual for
USCH EPA Hazardous Waste Site Activities, October 1985

Anerican National Standards Institute (ANSI)

ANSI Z-88.2 Respiratory Protection

Anerican Petroleum lInstitute (API)

Publ i cati on 1628 A Quide to the Assessnent and Renedi ati on of
Under ground Petrol eum Rel eases

Publ i cation 2015 Cl eani ng Petrol eum St orage Tanks

Publ i cation 2217 Gui del i nes for Confined Space Work in the Petrol eum

| ndustry
Publ i cation 2219 Saf e Operation of Vacuum Trucks in Petrol eum Service
Publ i cation 4609 In-Situ Air Sparging: Evaluation of Petrol eum

I ndustry Sites and Considerations for
Applicability, Design, and Operation
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Recomended Renoval and Di sposal of Used Underground Petrol eum
Practice 1604 Tanks
Recomended Interior Lining of Underground Storage Tanks

Practice 1631

Recomended Protection Against lgnitions Arising out of Static,
Practice 2003 Li ghtning, and Stray Currents

Anerican Society for Testing and Materials (ASTM, Annual Book of ASTM
St andards, 100 Barr Harbor Dr., West Conshohocken, PA 19428-2959

D698 Standard Test Method for Laboratory Conpaction
Characteristics of Soil Using Standard Effort
(12,400 ft-1bf/ft® (600 kN-nif n?))

D1556 Standard Test Method for Density and Unit Weight of
Soil in Place by the Sand- Cone Met hod

D1557 Standard Test Method for Laboratory Conpaction
Characteristics of Soil Using Mdified Effort
(56,000 ft-1bf/ft® (2,700 kN-m n¥))

D2113 Practice for Dianond Core Drilling for Site
I nvestigation

D2167 Standard Test Method for Density and Unit Weight of
Soil in Place by the Rubber Ball oon Mt hod

D2325 St andard Test Method for Capillary-Misture
Rel ati onshi ps for Coarse- and Medi um Text ured
Soi |l s by Porous-Pl ate Apparatus

D2487 St andard Test Method for C assification of Soils for
Engi neeri ng Purposes

D2922 Standard Test Methods for Density of Soil and Soil -
Aggregate in Place by Nucl ear Met hods (Shall ow
Dept h)

D3017 Standard Test Method for Water Content of Soil and
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D4044

D4057

D4136

D4318

D4750

D5088

D5126

D5314

D5358

D5495

D5608
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Rock in Place by Nucl ear Methods (Shall ow
Dept h)

Standard Test Method for Capill ary-Misture
Rel ati onshi ps for Fine-Textured Soils by
Pressur e- Menmbr ane Appar at us

Standard Test Method (Field Procedures) for
I nst ant aneous Change in Head (Slug Tests) for
Determ ni ng Hydraulic Properties of Aquifers

Standard Practice for Manual Sanpling of Petrol eum
Product s

Standard Practice for Sanpling Phytoplankton Wth
Wat er - Sanpl i ng Bottl es

Standard Test Method for Liquid Limt, Plastic
Limt, and Plasticity Index of Soils

St andard Test Method for Determ ning Subsurface
Liquid Levels in a Borehole or Mnitoring Vel

St andard Practice for Decontam nation of Field
Equi pnrent Used at Nonradi oactive Waste Sites

St andard CGuide for Conparison of Field Methods for
Det ermi ni ng Hydraulic Conductivity in the
Vadose Zone

Standard Guide for Soil Gas Mnitoring in the
Vadose Zone

Standard Practice for Sanmpling Wth a Di pper or Pond
Sanpl er

Standard Practice for Sanpling Wth a Conposite
Li qui d Waste Sanpl er (COLIWASA)

Standard Practice for the Decontam nation of Field
Equi pnrent Used at Low- Level Radioactive Waste Sites
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D5730

D5737

D5743

D5781

D5782

D5783

D5784

D5831

D5872

D5875

D5876

D6001

D6169

D6286

Standard Guide to Site Characterization for
Envi ronnent al Purposes Wth Enphasis on Soil,
Rock, Vadose Zone, and G oundwat er

Standard CGuide for Methods for Measuring Wl
Di schar ge

Standard Practice for Sanmpling Single or Multi-
| ayered Liquids, Wth or Wthout Solids, in Druns
or Sinilar Containers

Guide for the Use of Dual Wall Reverse-Circul ation
Drilling

Guide for the Use of Direct Air Rotary Drilling
Guide for the Use of Direct Rotary Drilling Wth
Water-Based Drilling Fluid

Gui de for the Use of Holl ow Stem Augers

Standard Test Method for Screening Fuels in Soils

Gui de for the Use of Casing Advancenent Drilling
Met hods

Gui de for the Use of Cable-Tool Drilling and
Sanpl i ng Met hods

Guide for the Use of Direct Rotary Wreline Casing
Advancenent Drilling Methods

Standard CGuide for Direct Push Water Sampling for
Geoenvironmental |nvestigations

Standard Guide for Selection of Soil and Rock
Sanpl i ng Devices Used Wth Drill Rigs for
Envi ronment al | nvestigations

Standard Guide for Selection of Drilling Methods for
Environmental Site Characterization
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E300 Standard Practice for Sanpling Industrial Chemcals
E1599 Standard Gui de for Corrective Action for
Pet r ol eum Rel eases
E1739 St andard Gui de for Ri sk-Based Corrective Action
Applied at Petrol eum Rel ease Sites
E1912 St andard Gui de for Accelerated Site Characterization

for Confirmed or Suspected Petrol eum Rel eases
PS78 Provi sonal Standard CGuide for Selecting Surface

Geophysi cal Met hods

National Fire Protection Association (NFPA), Batterymarch Park,
Qui ncy, MA 02269

30 Fl ammabl e and Conbusti bl e Li qui ds Code

70 National Electrical Code

70B El ectrical Equi prent Maintenance

326 Procedure for Safe Entry of Underground Storage
Tanks

327 St andard Procedure for C eaning or Safeguarding

Smal | Trucks and Cont ai ners

b. Related Publications.

Hazardous Liquid Pipeline Safety Act of 1979 (49 U S.C. A 2001, et
seq.) .

Natural Gas Pipeline Safety Act of 1968 (49 U.S.C. A 1671, et seq.).

Solid Waste Di sposal Act, Public Law 89-272, Title Il, as added by
Public Law 94-580, Resource Conservation and Recovery Act, 42
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Heat h,

U S . C 6921 et seq., Oct. 21, 1976, as anended by the Hazardous
and Solid Waste Anendments (HSWA) of 1984, Public Law 98-616, 42
U.S.C. 6901 et seq.

Ral ph C. and Frank W Trainer. Introduction to G oundwater
Hydr ol ogy. National Water Well Association, 1988.

Johnson, P.C., C.C. Stanley, M W Kenblowski, D. L. Byers, and J. D.

Colthart. “A Practical Approach to the Design, Operation,
and Monitoring of In-Situ Soil-Venting Systens.” G oundwater
Moni toring Review 10(2) (1990): 159-177.

Nati onal Truck Carriers. Cargo Tank Hazardous Material Regul ations

Rifai,

H S. “Modeling Natural Attenuation Using Bioplunell/I1l Model,”
Presentation at the U.S. Air Force Center for Excellence,
Envi ronnment al Restoration Technol ogy Transfer Synposium Novenber,
1994.
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APPENDI X B
STATE REGULATORY AGENCY CONTACTS

Al abama (EPA Forn), Al abama Departnent of Environmental Managenent,
Ground Water Section/Water Division, 1751 Congressman W L. Dickinson
Drive, Montgonery, Al abama 36130, 205/271-7823

Al aska (EPA Form, Departnment of Environnmental Conservation, Box O,
Juneau, Al aska 99811-1800, 970/ 465-2653

Ameri can Sanpa (EPA Form, Executive Secretary, Environnental Quality
Conmi ssion, O fice of the Governor, American Sanpan Government, Pago
Pago, Anerican Sanmpa 96799; Attention: UST Notification

Arizona (EPA Forn), Attention: UST Coordinator, Arizona Departnment of
Envi ronmental Quality, Environmental Health Services, 2005 N. Central,
Phoeni x, Arizona 85004

Arkansas (EPA Form), Arkansas Department of Pollution Control and
Ecol ogy, P.O Box 9583, Little Rock, Arkansas 72219, 501/562-7444

California (State Form, Executive Director, State Water Resources
Control Board, P.O Box 100, Sacranmento, California 95801, 916/ 445-1533

Colorado (EPA Fornm), Section Chief, Colorado Departnent of Health, Waste
Managenment Division, Underground Tank Program 4210 East 11th Avenue,
Denver, Col orado 80220, 303/320-8333

Connecticut (State Form), Hazardous Materials Managenment Unit,
Depart ment of Environmental Protection, State Ofice Building, 165
Capitol Avenue, Hartford, Connecticut 06106

Del aware (State Form), Division of Air and WAaste Managenent, Departnent
of Natural Resources and Environmental Control, P.O Box 1401, 89 Kings
H ghway, Dover, Del aware 19903, 302/726-5409

District of Columbia (EPA Form, Attention: UST Notification Form
Depart ment of Consumer and Regul atory Affairs, Pesticides and Hazardous
Wast e Managenent Branch, Room 114, 5010 Overl ook Avenue SW, Washi ngton,
DC 20032

Florida (State Forn), Florida Departnent of Environmental Regul ation,
Solid Waste Section, Twin Towers Office Building, 2600 Blair Stone Road,
Tal | ahassee, Florida 32399, 904/487-4398

Georgia (EPA Form, Georgia Departnment of Natural Resources,
Envi ronnmental Protection Division, Underground Storage Tank Program
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3420 Norman Berry Drive, 7th Floor, Hapeville, Georgia 30354, 404/
656-7404

Guam (State Fornm), Admi nistrator, Guam Environnental Protection Agency,
P. 0. Box 2999, Agana, Guam 96910, Overseas Operator (Conmercial call
646-8863)

Hawai i (EPA Forn), Admi nistrator, Hazardous WAste Program 645
Hal ekauwi | a Street, Honol ulu, Hawaii 96813, 808/548-2270

| daho (EPA Form), Underground Storage Tank Coordi nator, Water Quality
Bureau, Division of Environmental Quality, |daho Departnent of Health
and Wel fare, 450 W State Street, Boise, |daho 83720, 208/334-4251

[I'linois (EPA Form), Underground Storage Tank Coordi nator,
Di vision of Fire Prevention, Ofice of State Fire Marshal, 3150
Executive Park Drive, Springfield, Illinois 62703-4599

I ndi ana (EPA Forn), Underground Storage Tank Program O fice of
Envi ronment al Response, |ndiana Departnment of Environmental Managenent,
105 South Meridian Street, |ndianapolis, Indiana 46225

lowa (State Form, UST Coordi nator, |owa Departnent of Natural
Resources, Henry A. Wallace Building, 900 East Grand, Des Mines, |owa
50219, 512/281-8135

Kansas (EPA Forn), Kansas Departnment of Health and Environnment, Forbes
Field, Building 740, Topeka, Kansas 66620, 913/296-1594

Kentucky (State Form), Departnment of Environnental Protection, Hazardous
Wast e Branch, Fort Boone Pl aza, Building #2, 18 Reilly Road, Frankfort,
Kent ucky 40601, 501/564-6716

Loui siana (State Form, Secretary, Louisiana Department of Environmental
Quality, P.O Box 44066, Baton Rouge, Louisiana 70804, 501/342-1265

Maine (State Form), Attention: Underground Tanks Program Bureau of Ol
and Hazardous Material Control, Departnent of Environmental Protection,
State House—Station 17, Augusta, Mine 04333

Maryl and (EPA Form, Science and Health Advisory G oup, Ofice of
Envi ronnment al Progranms, 201 West Preston Street, Baltinore, Mryland
21201

Massachusetts (EPA Form), UST Registry, Department of Public Safety,
1010 Comonweal th Avenue, Boston, Massachusetts 02215, 617/566-4500

B- 2
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M chigan (EPA Form, M chigan Departnent of State Police, Fire Marshal
Di vi sion, General Ofice Building, 7150 Harris Drive, Lansing, M chigan
48913

M nnesota (State Form, Underground Storage Tank Program Division of
Solid and Hazardous Wastes, M nnesota Pollution Control Agency, 520 West
Laf ayette Road, St. Paul, M nnesota 55155

M ssi ssippi (State Form), Department of Natural Resources, Bureau of
Pol I uti on Control, Underground Storage Tank Section, P.O Box 10385,
Jackson, M ssissippi 39209, 601/961-5171

M ssouri (EPA Form, UST Coordinator, M ssouri Department of Natural
Resources, P.O Box 176, Jefferson City, Mssouri 65102, 314/751-7428

Mont ana (EPA Form), Solid and Hazardous Waste Bureau, Departnent of
Heal th and Environnental Science, Cogswell Bldg., Room B-201, Hel ena,
Mont ana 59620

Nebraska (EPA Form, Nebraska State Fire Marshal, P.O Box 94677,
Li ncol n, Nebraska 68509-4677, 402/471-9465

Nevada (EPA Forn), Attention: UST Coordinator, Division of Environmental
Protecti on, Departnent of Conservation and Natural Resources, Capitol
Conplex 201 S. Fall Street, Carson City, Nevada 89710, 800/992-0900,
Ext. 4670, 702/885-4670

New Hanpshire (EPA Form, NH Dept. of Environmental Services, Water
Supply and Pollution Control Division, Hazen Drive, P.O Box 95,
Concord, New Hanpshire 03301, Attention: UST Registration

New Jersey (State Forn), Underground Storage Tank Coordi nator,
Depart ment of Environnental Protection, Division of Water Resources
(CN-029), Trenton, New Jersey 08625, 609/292-0424

New Mexi co (EPA Form), New Mexico Environnmental |nprovenent Division,
Groundwat er / Hazar dous Waste Bureau, P.O Box 968, Santa Fe, New Mexico
37504, 505/827-2933

New York (EPA Form, Bulk Storage Section, Division of Water, Departnent
of Environnental Conservation, 50 Wl f Road, Room 326, Al bany, New York
12233-0001, 518/457-4351

North Carolina (EPA Fornm), Division of Environmental Managenent,
GroundWat er Operations Branch, Department of Natural Resources and
Conmuni ty Devel opnent, P.O Box 27687, Raleigh, North Carolina 27611,
919/ 733-3221

B-3
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North Dakota (State Forn), Division of Hazardous Managenment and Speci al
Studi es, North Dakota Departnent of Health, Box 5520, Bismarck, North
Dakot a 58502-5520

Northern Mariana |slands (EPA Form), Chief, Division of Environmental
Quality, P.O Box 1304, Commonwealth of Northern Mariana |sl ands,

Sai pan, CM 96950, Cabl e Address: Gov. NM Sai pan, Overseas Operator:
6984

Chio (State Fornm), State Fire Marshal’s O fice, Departnent of Commerce,
8895 E. Main Street, Reynol dsburg, Chio 43068, State Hotli ne:
800/ 282-1927

Ol ahoma (EPA Form), Underground Storage Tank Program Okl ahoma
Cor porati on Comm, Jim Thorpe Building, Oklahonma City, Oklahoma 73105

Oregon (State Forn), Underground Storage Tank Program Hazardous and
Solid Waste Division, Departnent of Environmental Quality, 811 S.W
Si xth Avenue, Portland, Oregon 98204, 503/229-5788

Pennsyl vani a (EPA Form), PA Departnent of Environnental Resources,
Bureau of Water Quality Managerment, Ground Water Unit, 9th Floor Fulton
Bui | di ng, P.O. Box 2063, Harrisburg, Pennsylvania 17120

Puerto Rico (EPA Form), Director, Water Quality Control Area,
Envi ronmental Quality Board, Conmonwealth of Puerto Rico, Santurce,
Puerto Rico, 809/725-0717

Rhode |sland (EPA Fornm), UST Registration, Departnent of Environmental
Managenment, 83 Park Street, Providence, Rhode |sland 02903, 401/277-2234

South Carolina (State Forn), G ound-Water Protection Division, South
Carol i na Departnent of Health and Environnental Control, 2600 Bull
Street, Colunbia, South Carolina 29201, 803/758-5213

Sout h Dakota (EPA Form), O fice of Water Quality, Departnent of Water
and Natural Resources, Joe Foss Building, Pierre, South Dakota 57501,

Tennessee (EPA Form), Tennessee Department of Health and Environment,
Di vi si on of Superfund Underground Storage Tank Section, 150 Ninth
Avenue, North, Nashville, Tennessee 37219-5404, 615/741-0690

Texas (EPA Forn), Underground Storage Tank Program Texas Water
Comm ssion, P.O Box 13087, Austin, Texas 78711

Utah (EPA Fornm), Division of Environnental Health, P.O Box 45500, Salt
Lake City, U ah 84145-0500
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Vernont (State Form), Underground Storage Tank Program Vernont
AEC/ Wast e Managenent Division, State Ofice Building, Mntpelier,
Ver nont 05602, 802/828-3395

Virginia (State Forn), Virginia Departnment of Environnmental Quality, UST
Program P. O Box 10009, Richrond, Virginia 23240-0009, 804/ 698-4269.

Virgin |Islands (EPA Form, 205(J) Coordi nator, Division of Natural
Resour ces Management, 14 F Building 111, WAtergut Hones, Chri stianstead,
St. Croix, Virgin Islands 00820

Washi ngton (State Forn), Underground Storage Tank Notification, Solid
and Hazardous Waste Program Department of Ecol ogy, MS PV-11, d ynpia,
Washi ngt on 98504-8711, 206/ 459-6316

West Virginia (EPA Form), Attention: UST Notification, Solid and
Hazar dous Waste, Ground Water Branch, West Virginia Departnment of
Nat ural Resources, 1201 Greenbriar Street, Charleston, Wst Virginia
25311

W sconsin (State Form, Bureau of Petrol eum Inspection, P.O Box 7969,
Madi son, W sconsin 53707, 608/266-7605

Wom ng (EPA Forn), Water Quality Division, Departnent of Environmental
Quality, Herschler Building, 4th Floor West, 122 Wst 25th Street,
Cheyenne, Wom ng 82002, 307/777-7781.
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APPENDI X C
VELL OPENI NG PROCEDURES

Vol atil e organi c contam nants (VOCs) tend to accumulate in the vapor space of
wel | casings. These organics can escape the well stemas a "slug" once the
cap is renoved fromthe well head. Field personnel will follow these
procedures for initial opening of all wells in which the water is expected to
contain VOCs in greater than trivial concentrations.

- A two-party teamw |l initiate well-opening PRIOR to any sanpling
activity.

- Approach the wells froman upwi nd direction.

- For initial well-opening, wear a mninmmof Level C respiratory
protection, e.g., an Utratwin with a GMC-H cartridge.

- Open wells with unvented casings and threaded caps slowy to avoid
sudden rel ease of gases due to over-pressure.

- VWen the well is open, test the air in the well head for the
cont am nants of concern.

- If the readings indicate a potential health hazard fromthe
venting process, allowthe well to vent for 15 to 30 m nutes and
then test again.

- The field team may performnnonitoring or sanpling in the |evel of
protection specified in Chapter 7 for the concentrations found.

- Take new exposure readings at |east four or five tines an hour

- Many wel s can be opened and "sniffed" at one time, which all ows
the maxi num ventilation tine.

If field personnel can denpnstrate that volatile organics are not a concern,
the site safety and health officer nmay allow themto skip the VOA procedure.
Experience with a recent round of groundwater sanpling at the same |ocation

woul d provi de enough information to show whether this route of exposure is a
concern.
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APPENDI X D
HEAT/ COLD STRESS MONI TORI NG

Heat Stress. Heat stress usually is a result of protective clothing
decreasi ng natural body ventilation, although it may occur at any tinme
work is being performed at el evated tenperatures.

a. Synptonms. |f the body's physiol ogi cal processes fail to naintain
a normal body tenperature because of excessive heat, a nunber of
physi cal reactions can occur ranging frommnild (such as fatigue,
irritability, anxiety, and decreased concentration, dexterity, or
noverment) to fatal. Because heat stress is one of the npobst conmon
and potentially serious illnesses at hazardous waste sites,
regul ar nonitoring and other preventative neasures are vital
Site workers nmust |earn to recognize and treat the various forns
of heat stress.

b. Treatnment. The best approach is preventative heat stress
managenment. | n general

(1) Urge workers to drink 0.5 liters (16 ounces) of water before
begi nni ng work, such as in the norning or after |unch
Provi de di sposabl e 120-m (4-ounce) cups and water that is
mai nt ai ned at 10 degrees to 15 degrees C (50 degrees to 60
degrees F). Urge workers to drink 1 to 2 of these cups of
water every 20 minutes, for a total of 3.5 to 7 liters (1 to
2 gallons) per day. W rkers nmust wash hands and face prior
to drinking. Provide a cool area for rest breaks.

(2) Acclimate workers to site work conditions by slowy
i ncreasi ng workl oads, i.e., do not begin site work with
extremely demandi ng activities.

(3) Provi de cooling devices to aid natural body ventilation
These devi ces, however, add weight, and their use should be
bal anced agai nst worker efficiency. An exanple of a cooling
aid is long cotton underwear that acts as a wick to help
absorb noi sture and protect the skin fromdirect contact
wi t h heat - absorbing protective clothing.

(4) Install nobile showers and/or hose-down facilities to reduce
body tenperature and to cool protective clothing.

(5) Conduct field activities in the early norning or evening in
hot weat her.
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D 2.

D- 3.

(6) Ensure that adequate shelter is available to protect
personnel against heat, cold, rain, or snow, etc., all of
whi ch can decrease physical efficiency and increase the
probability of both heat and cold stress. |f possible, set
up the command post in the shade.

(7) In hot weather, rotate shifts of workers wearing inpervious
cl ot hi ng.

(8) Good hygi eni ¢ standards nust be maintained by frequent
changes of clothing and showering. < othing should be
permtted to dry during rest periods. Persons who notice
skin problens should i nmedi ately consult medical personne
and the site safety and health officer (SSHO).

Heat Stroke. Heat stroke is a nedical enmergency, with a high nortality
rate. Heat stroke is an acute and dangerous reaction to heat stress
caused by a failure of heat-regulating nmechani sns of the body — the

i ndi vidual's tenperature control systemthat causes sweating stops
wor ki ng correctly. Body tenperature rises so high that brain damage and
death will result if the person is not cool ed quickly.

a. Synptoms: Red, hot, dry skin, although person may have been
sweating earlier; nausea; dizziness; confusion; extrenely high
body tenperature; rapid respiratory and pul se rates;
unconsci ousness; or Ccong.

b. Treatnment: The nost inportant objective in the treatnent of heat
stroke is the lowering of the victims body tenperature as rapidly
as possible. Cool the victimaquickly. |[If the body tenperature is
not brought down fast, pernanent brain damage or death will
result. Soak the victimin cool but not cold water, sponge the
body with cool water, or pour water on the body to reduce the
tenmperature to bel ow 102 degrees F. (Cbserve the victimand obtain
medi cal help. Do not give coffee, tea, or alcoholic beverages.

Heat Exhaustion. Heat exhaustion is a state of very definite weakness
or exhaustion caused by the loss of fluids fromthe body. This
condition is much | ess dangerous than heat stroke, but it nonethel ess
must be treated.

a. Synptoms: Pal e, clanmy, noist skin; profuse perspiration; and
extreme weakness. Body tenperature is normal, pulse is weak and
rapi d, breathing is shallow The person may have a headache, may
vomt, and may be dizzy.

b. Treatnment: Renove the person to a cool, air conditioned place;
| oosen clothing; place in a head-1ow position; and provide bed

D2
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rest. Consult physician, especially in severe cases. The nornal
thirst mechanismis not sensitive enough to ensure body fluid

repl acenent. Have patient drink 1 to 2 cups of water imrediately,
and every 20 minutes thereafter, until synptons subside. Tota
wat er consunption should be about 3.5 to 7 liters (1 to 2 gallons)
per day.

Heat Cranps. Heat cranps are caused by perspiration that is not
bal anced by adequate fluid intake. Heat cranps are often the first sign
of a condition that can |lead to heat stroke.

a. Synptoms: Acute pai nful spasnms of voluntary nuscles (e.g.
abdonen and extremties).

b. Treatnment: Renove victimto a cool area and | oosen cl ot hing.
Have patient drink 1 to 2 cups of water imediately, and every 20
m nutes thereafter, until synptoms subside. Total water
consunption should be 3.5 to 7 liters (1 to 2 gallons) per day.
Consult w th physician.

Heat Rash. Heat rash is caused by continuous exposure to heat and humd
air and aggravated by chafing clothes. The condition decreases ability
to tolerate heat.

a. Synptoms: M1 d red rash, especially in areas of the body in
contact with protective gear.

b. Treatnment: Decrease anopunt of time in protective gear and provide
powder to hel p absorb noi sture and decrease chafing.

Heat Stress Mnitoring and Wrk Cycle Managenent. For strenuous field
activities that are part of ongoing site work activities in hot weather
the foll owi ng procedures should be used to nonitor the body's
physi ol ogi cal response to heat and to manage the work cycle, even if

wor kers are not wearing inpervious clothing. These procedures are to be
instituted when the tenperature exceeds 70 degrees F

a. Measure Heart Rate (HR). Take a rest period and neasure heart rate
by the radial pulse for 30 seconds as early as possible, in the
resting period. The HR at the begi nning of the rest period should

not exceed 110 beats/minute. |If the HR is higher, shorten the
next work period by 33 percent, while the Iength of the rest
period stays the same. |If the pulse rate still exceeds 110

beat s/ mi nute at the beginning of the next rest period, shorten the
foll owi ng work cycle by another 33 percent. The procedure is
continued until the rate is maintai ned bel ow 110 beat s/ m nute.

b. Measure Body Tenperature. Body tenperature should be nmeasured
orally with a clinical thernmonmeter as early as possible in the

D-3
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resting period. Oral tenperature (OT) at the beginning of the
rest period should not exceed 99.40 degrees F; if it does, the
worker will be prohibited fromcontinuing work until the OT is
mai nt ai ned bel ow 99.4 degrees F (37.4 degrees Q)
C. Manage Work/ Rest Schedule. Use the follow ng work/rest schedul e as
a gui del i ne:
Adj ust ed Active Work Time (mn/hr)
Tenmperature (°F) Using Level B/ C Protective Gear
75 or |less 50
80 40
85 30
90 20
95 10
100 0
d. Measure the air tenperature with a standard thernonmeter. Estinmate
fraction of sunshine by judgi ng what percent of the sun is out:
- 100- percent sunshine = no cloud cover = 1.0
- 50- percent sunshine = 50-percent cloud cover = 0.5
- 0- percent sunshine = full cloud cover = 0.0
Cal cul ate the adjusted tenperature:
T (adjusted) = T (actual) + (13 x fraction sunshine)
e. Reduce or increase the work cycle according to the guidelines

under heart rate and body tenperature.

D-7. Cold Stress.

a.

Persons wor ki ng outdoors in |ow tenperatures, especially at or

bel ow freezing are subject to cold stress. Exposure to extrene
cold for a short time causes severe injury to the surface of the
body or results in profound generalized cooling, causing death.
Areas of the body that have high surface area-to-volune ratio such
as fingers, toes, and ears are the nost susceptible.

Protective clothing. Personal protective clothing and equi pnent
are essential in the prevention of cold stress and injury rel ated
to a cold environnent. C othing made of thin cotton fabric is
ideal; it hel ps evaporate sweat by "picking it up" and bringing it

D-4



D- 8.

EM 1110- 1- 4006
30 SEP 98

to the surface. Loosely fitted clothing also aids sweat
evaporation. Tightly fitted clothing of synthetic fabric
interferes with evaporati on. Reconmended cl othing includes the
followi ng: cotton undershirt, cotton shorts/underpants, cotton
and wool thermal underwear, cotton and wool socks, wool or thernal
trousers (quilted or specially lined), waterproof insulated boots,
wool shirt, wool sweater over cotton shirt, Anorak or arctic
parka, wool knit cap, hard-hat |iner, wool mittens, ski mask or
scarf, and wi ndproof and waterproof outer |ayer.

C. Many factors influence the devel opnment of a cold injury: the type
and duration of exposure, the anbient tenperature, the hunmdity,
and the velocity of the wind. Wnd chill is used to describe the
chilling effect of nmoving air in combination with | ow tenperature.

d. As a general rule, the greatest increnental increase in w nd chil

occurs when a wind of 5 nph increases to 10 nph. Additionally,
wat er conducts heat 240 tines faster than air. Thus, the body
cool s suddenly when chenical -protective equiprment is renmoved if
the clothing underneath is perspirati on soaked.

Frostbite Synptons. Local injury resulting fromcold is included in the

generic termfrostbite. Frostbite of the extremties can be categorized
in three ways:

- Frost nip or incipient frostbite is characterized by sudden
bl anchi ng or whitening of skin.

- Superficial frostbhite is characterized by skin with a waxy or
white appearance and is firmto the touch, but tissue beneath is
resilient.

- Deep frostbite is characterized by tissues that are cold, pale,
and solid.

b. Treatnent. To administer first aid for frostbite:

(1) Take the victimindoors and rewarmthe areas quickly in
water that is between 39 degrees and 41 degrees C (102
degrees and 105 degrees F).

(2) G ve a warmdrink-not coffee, tea, or alcohol. The victim
must not snoke.

(3 Keep the frozen parts in warmwater or covered with warm
clothes for 30 minutes, even though the tissue will be very
pai nful as it thaws.
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(4) El evate the injured area and protect it frominjury.

(5) Do not allow blisters to be broken

(6) Use sterile, soft, dry material to cover the injured areas.
(7) Keep victimwarm and get inmedi ate nedi cal care.
Precautions. After thawing, the victimshould try to nove the
injured areas a little, but no nore than can be done al one,

wi t hout hel p.

(1) Do not rub the frostbitten part (this may cause gangrene).

(2) Do not use ice, snow, gasoline, or anything cold on the
frostbitten area.

(3) Do not use heat |anps or hot water bottles to rewarmthe
part.

(4) Do not place the part near a hot stove.

D-9. Hypothernmia. Systemic hypotherm a is caused by exposure to freezing or
rapi dly dropping tenperature.

a.

Synptoms. Its synptons are usually exhibited in five stages:
(1) Shi veri ng.

(2) Apat hy, |istlessness, sleepiness, and (sonetines) rapid
cooling of the body to I ess than 95 degrees F

(3) Unconsci ousness, gl assy stare, slow pulse, and sl ow
respiratory rate.

(4) Freezing of the extrenities.
(5) Deat h.
Treatment. As a general rule, field activities nmust be curtailed

if equivalent chill tenperature (degrees F) as defined in Table
D1 is below zero (0 degrees F).

D-6
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TABLE D-1
COOLING POWER ON EXPOSED FLESH EXPRESSED AS AN

EQUIVALENT TEMPERATURE UNDER CALM CONDITIONS*

Actual Temperature Reading (°F)

|Estimated Wind 50 40 30 20 10 0 -10 -20 -30 -40 -50 -60
Speed (in mph) Equivalent Chill Temperature CF)
calm 50 40 30 20
5 48 37 27 16
10 40 28 16 4
15 36 22 9 -5
20 32 18 4 -10 -25 -39 -53 -110
25 30 16 0 -15 -29 -44 -59 -74 -88 -104 -118 -133
30 28 13 -2 -18 -33 -48 -63 -79 -94 -109  -125 -140
35 27 11 -4 -20 -35 -51 -67 -82 -98 -113  -129 -145
40 26 10 -6 21 -37 -53 -69 -85 -100 -116 -132 -148
Wind Speeds LITTLE DANGER INCREASING DANGER GREAT DANGER
greater than in <hr with dry skin Danaer from freezing of Flesh may freeze within
40 mph have Maximum danger of false sense exposed flesh within one 30 seconds.
Jlittle additional of security. (1) minute.
effect.

Trenchfoot and immersion foot may occur at any point on this chart.

*Developed by U.S. Army Research Institute of Environmental Medicine, Natick, MA
SOURCE: ACGIH, Threshold Limit Values for Chemical Substances in the Work Environment for 1984-1985.
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APPENDI X E
CONFI NED SPACE ENTRY
General. These procedures establish mininmumrequirenents for safe entry
into, work in, and exit from confined spaces |ike tanks, vessels,
manhol es, pipelines, water transm ssion |lines, tunnels, stilling wells,

junction structures, valve and netering vaults, dry wells, and wet
wel I s. These confined spaces are dangerous because gases and vapors
accunul ate to form oxygen deficient, toxic, or explosive atnospheres.

Confined Space Entry Program No one will enter a confined space unless
t hese procedures (or equival ent procedures established by the
subcontractor or client) are followed. The SSHO will determn ne whet her
alternate procedures are equivalent. A confined space entry program
must include at a mini mum

a. Responsi bilities and duties of personnel associated with confined
space entry activities.

b. Conti nui ng eval uation and identification (posting) of confined
spaces.

C. Coordi nati on of confined space entry activities.

d. Specific training for confined space entrants.

e. Pre-entry review and pernit preparation

f. Provi si on of appropriate safety equi pment.

g. Adherence to the buddy system

h. Det ecti on of hazardous conditions.

i Ventil ation of hazardous gases.
j- Witten rescue and energency services and procedures.
k. Vessel preparation, isolation, |ockout/tagout.

l. At mospheric testing, oxygen, toxicity, and flammbility.

E-1



EM 1110- 1- 4006

30 SEP 98

E- 3.

Conmuni cati on devi ces, hand, radio, rope.

Confined Space Entry Personnel. The roles of confined space entry

per sonnel incl ude:

Confined Space Entry Coordi nator. Personnel at the project
trained and authorized in witing by the designated authorities
to sign, issue, and revoke entry permts.

Person-in-Charge. An entry team nmenber trained and authorized to
certify that entry permt conditions have been net.

Confined Space Entrants. Entry team nenber trained to perform
actual work in the confined space.

Entry Attendant. An individual stationed outside and required to
remai n outside the confined space while entrants are in the
confined space, who nonitors the authorized entrants and the
confined space activities and, under specified conditions,

aut hori zes evacuation of the confined space.

Rescue Personnel. Personnel who are trained, qualified, and
aut horized to respond to emergencies in confined spaces.

The personnel who fill these roles nust have conpleted training in
t hese procedures and in site-specific confined space hazards
identified by the SSHO

Entry by personnel into any confined space where |iquids or gases
may have been present, or nmay occur during the entry, requires at
| east three persons: one entrant, one attendant, and one rescue
wor ker. The attendant and rescue worker are to remain outside
confined space. Rescue workers may perform other tasks during an
entry if those tasks will not inpede response to an emergency.

Personnel may fill the roles listed above only if they are
qualified. Al entrants and rescue teans nmust be trained in their
entry-procedure responsibilities. A witten record of the length
and content of such training nust be kept.
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E-4. Confined Space Entry Pernits.

a. Witten entry pernmits are required for any entry into, or work in,
confined spaces. Wen a work team plans to enter a confined
space, it must conplete an entry permt formthat contains, at a
mnimum the information in Table E-1. Users are directed to
create local fornms nmeeting their specific needs. Forms shoul d
i ncl ude the personnel, task, neasurenents, equipnment required, and
the energency contact.

b. Entry permits may be issued only by the Confined Space Entry
Coor di nat or. Actual entry is authorized when the "Person in
Charge" conpletes the pre-entry checklist on the entry pernit and
signs the form

C. Entry permits will address a single work project in a single
confined space, for one work period, not to exceed 8 hours. The
coordi nator may issue permts for a task involving a group of
spaces with a comon hazard potential. A permt may allow work
over a longer period, if the personnel, the tasks, and the hazards
do not change.

E-5. Eaqui pnent Reaquired for Confined Space Entry.

a. USACE personnel may enter a confined space only with the equi pnent
specified in the entry pernmit. The safety equipnent |isted bel ow
woul d be adequate for npbst foreseeable conditions.

b. Personal Protective Equi prent (PPE)

(1) Airline respirator or Self-Contained Breathing Apparatus
( SCBA)

(2) St eel -toe safety shoes
(3) Hard hat
(4) Surgi cal PVC inner gloves

(5) Neoprene rubber outer gl oves

E-3
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TABLE E-1
CONFINED SPACE ENTRY PERMIT MINIMUM REQUIREMENTS

Space to be Entered:
Nature of Task:
Duration of Permit: From: To:
Person In Charge:
Authorized Entrants:

Attendant:

Coordinator Signature:

Pre-Entry Check List

Needed? In Place? (To Be Initialed By Person in Charge)

Traffic cones or barriers in place

Safety harness with retrieval tripod in place

SCBA ready for emergency use

Valves tagged out (mark N/A if not applicable)
Electrical equipment disconnected & locked out (or N/A)
Protective clothing & equipment donned appropriately
Rescue worker is within easy reach

Personal Protective Equipment

Needed? In Place? Needed? In Place?

Airline breathing mask SCBA

Steel-toe safety shoes Hard hat

Surgical PVC inner gloves Rubber outer gloves
Chemical safety goggles Rubber overboots
PVC rain suit Duct tape on seams
Forced ventilation blower 5-minute escape packs

]
T

Atmospheric Testing

Needed? In Place?

Oxygen deficiency (=19.5% and <21.5%)

Flammable gases (<10% LEL)

Toxic gases (< PELs). (Specify: )
Ventilation blower pushing clean air into space

Gas Detector(s) — on the belts or suits of entrants

Atmospheric Testing — after period of ventilation

ENTRY APPROVED:

Person-in-Charge Date
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(6) Cheni cal safety goggles

(7) Rubber overboots or hip waders

(8) PVC rain suit

(9) Duct tape on the seans

(10) Forced ventilation bl ower

(11) Five-mnute escape packs

Rescue Equi prent

(1) Parachut e-type safety harness

(2) Safety lifeline

(3) Aut omatic rescue w nch

(4) Rescue & retrieval tripod or derrick

(5) Two- way radi os

(6) First-aid kit

Routi ne confined space entries can be perforned in regular work
clothes if the entry team has enough information about the

at nosphere inside the space. Sone circunstances that woul d change
the type of equi pnent needed include the follow ng:

Respiratory protection is not necessary if:

(1) The nonitoring equi pment reveals no contam nants in the air
and

(2) There is no potential source of contam nants and
(3) The oxygen level is at least 19.5 percent.

If the air and surfaces in the space are free of contaninants,
protective clothing is not needed.

If air contaminants in the space can affect the worker by
absorption through the skin, a Level A suit is required.

A SCBA, in working order, nust be ready for use.
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E- 6.

E-7.

h

Only intrinsically-safe equi pment may be used in confined spaces.
Tenmporary lighting, whether electrically or battery operated, nust
be | ow vol tage, doubl e-insul ated, and expl osi on-proof. Tools used
in confined spaces nmust be of a non-sparking type, unless there is
no potential for flammble vapors or gases in the space.

Preparation for Entry.

a.

I nspect the area near the space for tripping hazards, traffic, and
ignition sources, like lighted cigarettes. Renove them if you
can. Provide controls if you cannot nove them

I nspect the condition of the entry steps of the confined space.
Do not rely on a permanent |adder if the space is often wet. |If
it appears that the steps will not support your weight or if the
confined space contains no steps, then provide a | adder and
approved hoi st or another form of ready entry and exit. Only one
person at a time should ascend or descend a | adder. Personne
must not carry tools or other objects in their hands while
climbing in or out of the confined space.

If materials can flow into the space:

(1) And val ves are notor operated: disconnect them engage the
| ockouts, and attach a | ockout tag.

(2) And val ves are manual |y operated: either station someone at
t he val ve handl e or chain and padl ock the handl e.

(3) Install steel blanks in lines with flanged connecti ons.

The potential types of energency in the spaces vary with the type
of confined space. The rescue equi pnent, including the SCBA
shoul d be inspected and tested prior to space entry.

Cowor kers nust inspect each other's safety equi pment before entry
to determine if it is properly adjusted and in the proper
posi tion.

Moni t ori ng.

a.

Conbi nati on combusti bl e gas and oxygen indi cators nust be used to
test the atnosphere of the confined space for the presence of
conbusti bl e gases and adequat e oxygen | evels before entering. The
permt nmust specify tests for any other dangerous contani nants,
such as hydrogen sul fide, which could be present in the space.

Prior to entry, the Person-in-Charge must test the atnosphere
within the confined space with the nmeters as specified bel ow.

E-6
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(1) Start up, check voltage, and field check the meters. Do not
calibrate the detector with the probe in the confined space.

(2) Insert the probe about 12 inches into the space. Read the
neters.

(3) Drop the probe to the level that workers in the space will
occupy. Read it again.

(4) Measure for vapor conditions on the assunption that
stratification of vapors has occurred in the tank. At a
m ni mum nmeasure the top, nmiddle, and bottom of the space as
wel | as any identifiable pockets, corners, etc.

Gases and vapors tend to stratify in confined spaces. One entrant
must wear or carry the neter throughout the duration of the entry.

If a toxic material is present above its exposure limt, or

fl ammabl e gas is above 10 percent of the LEL, or oxygen is bel ow
19.5 percent or above 21.5 percent, the team shall provide forced
ventilation to elimnate these conditions and shall not nake entry
until these conditions are elinminated. The LEL nust be less than
10 percent and oxygen |l evels nust be between 19.5 percent and 22
percent.

The air nmonitors nust be field tested in accordance with the
instructions contained in the instrunent manual. |f the detector
fails the prescribed field tests, it nust be recalibrated by the
procedures established by the manufacturer. No entry is pernitted
unl ess the required neasurenents have been coll ected.

ation.

Vent i |

When nmonitoring indicates a need for ventilation, it nust be
provided until the nmonitor indicates acceptable air |evels.

Bl owers shoul d be coupled with a | arge-dianeter, flexible hose
that can direct air into the work area. Blowers used within
confined spaces will be intrinsically safe. Gasoline, diesel, or
gas- operat ed equi pnment used near confined spaces nust be oriented
so that their exhaust cannot enter the space.

Continuous ventilation is desirable for any confined space entry.
It is required for entry into any space where |iquids or gases nmay
have been present or could enter during the personnel entry.

Responsibilities During Confined Space Entry.

a.

The Person-in-Charge of the entry nust:

E-7
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(1) Assure that the pre-entry checklist on the pernit is
conpl eted before any enpl oyee enters a confined space.

(2) Eval uate the pre-entry conditions.

(3) Verify that the rescue worker is available and that the
means for summoning is operable.

(4) Term nate the entry upon becom ng aware of a nonpernitted
condi ti on.

b. The Person-in-Charge of entry nay serve as an entrant or an
attendant in accordance with the sections bel ow
C. The Entry Attendant must:

(1) Remai n outsi de the confined space.

(2) Leave only when replaced by an equally qualified individua
or to save his/her owmn life. |If the attendant nust |eave and
there is no replacenent, order the entrants to exit the
confined space.

(3) Stay continuously aware of the | ocation and condition of al
aut horized entrants within the confined space by voice,
radi o, tel ephone, visual observation, or other equally
effective neans.

(4) Stay continuously aware of conditions in the space.

(5) Order entrants to exit the confined space at the first
i ndi cati on of hazardous condition (such as instrunent al arns,
vi si bl e rel eases, or unusual behavior by the entrants).

(6) Sunmon i mmedi at e emergency assi stance, if needed.

(7) WArn unaut hori zed persons not to enter or to exit imrediately
if they have entered. Advise the authorized entrants and
managenment of entry by unauthorized persons.

(8) Assenbl e and inspect the equi prment that the rescue worker
woul d need to enter the space.

(9) Keep objects away fromthe access hole where they can be

accidental ly knocked, pushed, or dragged into the confined
space. Lower tools or supplies to workers inside by a hand
line.
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I f safety harnesses are worn into the space, secure the
safety line to a nearby well-anchored object, never to
novabl e equi pnent or a vehicle. Mnitor the safety line at
all times, taking up extra slack as needed. Keep the safety
line anay fromtraffic and equi pment with noving parts.

Confined space entrants nust:

(1)
(2)

(3)

(4)

(5)

(6)

Renove all jewelry before entering the space.

I nspect their own and each other's personal safety gear
before entering the confined space.

Conply with these procedures and the conditions of the
permt.

Fol l ow the directions of the Person-in-Charge and the
At t endant .

Leave the space and report to the Attendant inmmediately upon
feeling the effects of a chenical exposure.

VWi | e wor ki ng, avoid | ooking up

E-10. Rescue Procedures.

a.

Upon detecting an enmergency condition, the personnel in the
confined space mnust:

(1)

(2)
(3)

Move an incapacitated coworker in close proxinmty toward the
exit. However, do not nopbve towards the hazard, even to save
a cowor ker.

Exit the space.

I mredi ately informthe Attendant of the nature of the
hazar d.

Upon detecting an emergency, the Attendant mnust:

(1)

(2)
(3)

Remai n outside the confined space to | ower necessary rescue
equi prent into the space and render other necessary

assi stance.

Start to withdraw the worker(s) with the safety line.

Notify the rescue worker(s).
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(4) Send soneone to notify the energency service providers
specified in the permit. Gve the location and any ot her
pertinent information.
(5) Remai n avail able to | ower necessary rescue equi pnment into
t he space, render any other necessary assistance, and guide
emergency units to the scene.
C. Upon detecting an emergency, rescue workers nust:
(1) Report to the confined space as quickly as possible.
(2) | f appropriate, don a SCBA
(3) Enter to offer assistance and correct the problem
d. Protection of enployee life and health is the first priority of

the rescue worker. No enployee may enter the confined space
wi thout a SCBA until all causes of the incapacitation have been
el i m nat ed.

e. The rescue team nmust be trained in:

(1) The requirements for entrants.

(2) The rescue functions assigned to themusing the retrieva
and rescue equi pment furnished.

(3) Basic first aid and cardi opul nonary resuscitation
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